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The purpose of this document is to prescribe the test methods and
procedures for the measurement of capture efficiency associated with determining
comp11ance with emission standards and overall control efficiency for volatile
organic compounds covering surface coating operations and graphic arts printing
processes

BACKGROUND

: A. The test methods and procedures outlined in this document are those
specified in the U.S. Environmental Protection Agency (EPA) Office of Air Quality
 Planning and Standards Guideline Series documents. For each specific source type
the ‘appropriate EPA guideline document is Tisted. In cases where the
definitions, standards and other provisions of the EPA guideline documents differ
from this document or the Regulations for the Control and Abatement of Air
Pollution (VR 120-01) (hereinafter the regulations), this document and the
regulations shall take precedence. Use of test methods and procedures not
specified in this document is acceptable if approved by the department within the
context of the provisions of subsection C of this section.

B.  In order for the Commonwealth to fulfill its obligations under the
'~federa1 Clean Air Act, some provisions of state regulations are required to be
approved by the U. S. Environmental Protection Agency (EPA) and when approved‘
those provisions become federally enforceable.

C. In cases where state regulations specify that procedures or methods
shall be approved by, acceptable to or determined by the department or other
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,'S1m11ar phras1ng or speC1f1ca11y pnov1de for decisions to be made by the board'
~or :department, it may be .necessary to have such actions (approvals,
: ;?determ1nat1onsd,exempt1ens echus1ens or dec1s1ons) rev1ewed and conf:n

part of the State Implementation Plan, Accordingly, ‘any amendments to this
document must be appnoved through the same adm1n1strat1ve process ~ S

GENERAL REFERENCES

‘”gulat1ons for the Control and Abatement of Air Pollution (VR 120-01), §
0-04-03 A" and § 120- 05-03 A. , : ERRER

‘LOCfTI@N QF REFERENCED DOCUMENTS - e _ # o

fd:Theidocumen -eferenced above and any others: ‘that may be  refer

s bee ~ in accordance with EPA negu1at1ons and“'* el
is-.document is to be submitted to EPA and upon approval become.

th?oughﬁut this document are available for viewing at the eentrai foIC«,Gf they"ﬁ"

- department and - are otherw1se ava11ab1e as 1nd1cated below:
= kﬁ"A. Regulat1ons for the Control and Abatement of Air Pol]ut1on

‘ The regu]atwons are ava11ab1e for viewing at any regional office of
o the department and copies are available upon request from the centra] off1ce of '
‘the department A nom1na1 fee may be required. :

o B, EPA documents , |
Copies of the documents may be obtained, for a nom1na1 fee from the

“jNet1ona1 Techn1ca1 Information Service, 5285 Port Royal Road_ Spr1ngf1e1d
V1ng1n1a 22161;. (703) 487-4650. ) S R

| This document supersedes any prev1ous]y issued documents except for :
regu]at1ons relative to th1s matter.

CONTACT

The A1r Programs Section, 804-698-4070, may be contacted about any
( quest1ons or dec151ons regard1ng this document S :

V~DEFINITIONS

As used in this document, all terms not defined herein shall have the
’ meanlng g1ven them in the regu]at1ons unless otherwise nequ1red by context.

IN; TRUCTIO

Genera1

A.' App]wcab111ty and de51gnat1on of affected faC111ty
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“ ~‘sha1

| 3 These procedures shall be used as applicable to determine
compliance with the emissjon standards for volatile organic compounds from
surface coating operations and graphic arts printing processes in Rules 4-26

‘through 4-36 when add-on control devices are used (see AQP=2). For-the

~ purposes of this do
inks. . The procedu
‘applicable to meas
collection devices t

described in this document shall be used where - ;
the capture efficiency of hoods or similar emission
at collect emissions and direct them to a control device.

_An add-on control system thus includes both a capture device and a
control device. For sources using solvent recovery sysiems, overall control
~ efficiency can be determined and separate testing of capture and control .
devices is not required. For other sources, both the collection efficiency of
the capture device (e.g., hood or similar enclosure) and the destruction or  ~
removal efficiency of the control device shall be' determined using methods
that have been approved by the department. - If an appropriate EPA reference

method does:not exist,, the destruction/removal efficiency of-a control device.
rated to the satisfaction of the department: using procedures.

cument, the definition of the term "coatings" shall 1n¢1udef ol

and te: mé'ha‘ acceptable to the department. The overall control efficiency s

of?théiaddxon-tohtrol;system1$hal1«be“determinedibyﬁthe;fo1Towingff0rmu1&;,-vv ,

0E = CE x DRE
’ where: . ’
| OE‘ = oVefa11 control efficiency‘(mass fractidh).'"
CE = collection efficiency‘of the capture device (1b
S VOC collected/1b VOC used). : ‘
~DRE = 'destruction~or removal efficiency of the add-on

control device.
"B. -~ Procedures to measure capture efficiency.

; Capture efficiency (CE) is defined as the ratio of the mass of
volatile organic compounds that are captured and directed to a control device
to the sum total mass of fugitive and captured volatile organic compounds
emitted by the coating application system. “Procedures to measure. capture
efficiency are based on the principle of material balance. “These ‘procedures
differ as to where in the process, and in what phase (i.e., gas or Tiquid),
‘the mass concentration of volatile organic compounds is measured.

C.  Acceptable test methods.

The procedures and test methods included in Section IV of this
document are those specified by EPA. These procedures and test methods have
‘been found to have the least probable error due to measurement variability. A
facility may choose any combination of these procedures that is best suited to
‘its operations. Other testing procedures may be used only if they are
~acceptable to the department and if the owner agrees to be bound by the
results of the tests so performed. If such an alternative procedure fails to
demonstrate compliance, the owner shall demonstrate that engineering -
" improvements have been made to:increase control efficiency before subsequent
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‘9';;;,¢aptﬁré¢

' te‘sts u 51“9

.}1nput

“"reff1c1ency for a S1ngIe coat1ng appI1cat1on system.

’IIIf,‘ AIternat1ves to capture eff1c1ency determ1nat1on

adsorpt1on may calculate overall control efficiency directly accord1ng to the
procedures descr1bed in subsect1on D of Sect1on III of this document., e

“'lj;"BE" mea
g means VOT&t]]G organwc compound mass concentrat1on.
;["CE" means capture eff1c1en¢y k

f”“F" means the mass of gas phase fug1t1ve voIat1Ie organ1c

-Fs

e ;{*, “F 2 means the mass of fug1t1ve em1351ons w1th temporary
~enclosure. - : , : , 5

' “G" means the mass: of gas phase vo]at1]e organ1c compounds

G means the mass of gas phase emwsS1ons captured W1th a
e_temporary totaﬁ encIosure. : : i ,

V"PE" means probab]e error

“ff"PTE" means - permanent total enclosure.,«h
‘{"VOC“ means voIattIe organ1c compound
_“Q" means vqumetr1c flow rate. ,
’ ﬁTTE“7m¢§"$ temporary.total,encIosure.

s . "W" means the mass fraction of‘VOIatiIe organic cOmpoundsjin input
material, -~ : ST : , ' -

"}"W" means. the mass of volat1le organ1c compounds in IIqUId INPUt .

,me test procedure may demonstrate comprance

cbu11d1ng or room encIosure

ﬂ,means the mass- of fug1t1ve em1ss1ons from bu11d1ng encIosure.t,

;red to the control dev1ce.~

"L"'means the mass of vo]at11e organlc compounds in 11qu1d phase

“OE" means overaIl volat11e organic compound emtss1on control

SoIvent recovery systems.f

Sources that use ‘a soIvent recovery system such as carbon
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'B; Permanent tota1 enc]osures

s that are equ1pped with a permanent tota] enc]osure that
ven in Procedure TE (see subsection F of Section IV of .
empt - from requ1rements to measure capture efficiency.

- meet these criteria, capture-efficiency may be assumed to. be
,;for “the alculation of overal] control eff1c1ency in subsect1on A
1 of th1s document :

i T'Iv Capture eff1C1ency determ1nat1on

A, Genera} 5%
k 1.f ' Capture eff1c1ency protoco]s.

Two general ‘types of material balance protocols to measure
capture eff1c1ency are described in this document. A third protocol is- =
descr1bed to ‘measure: overa]] control efficiency: d1rect1y in spec1f1ed cases.

, i :; a. Gas/gas protocols measure the gas phase captured
em1551ons and ‘the gas phase fugitive emissions. - :

»b..n L1qu1d/gas protocols measure the 11qu1d phase volatile
~organ1c compounds 1nput and the gas phase fug1t1ve volatile organic compounds

c. L1qu1d/11qu1d protocols measure the liquid phase ,
} vo1at11e organ«c compounds input and the liquid phase volatile organ1c
compounds collected by a so]vent recovery system.

2. , Capture eff1c1ency test procedures

: d The fo]]ow1ng procedures are approved test methods to be
.used for determining capture efficiency. These procedures are descrtbed in
detail in Sect1on IV of this document. ~

, ~ . a.  Procedure L measures volatile organic compounds in
1iquid,input stream; , : ;

£ b.  Procedure G.1 measures captured volatile organic
compounds emissions (direct samp11ng technique). Note: to be used only in
cases approved by the department. :

Lo " ¢. Procedure G.2 measures captured vo]ati]e,organic
compounds emissions (d11ut1on technique). S :

' ~d.  Procedure F.1 measures fug1t1ve volatile organic

ompounds em1ss1ons from temporary enclosures. e

: e.  Procedure F.2 meaSures fug1t1ve volatile organic
compounds em1ss1ons from building enclosures. Lo

| J £ Procedure TE descr1bes the criteria for a tota]
enclosure. -
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"‘35' Adjustment of capture efficiency.

o B ~Volatile organ1c compounds that are destroyed in processes
such as d1rect~f1red ovens or that remain on the product should be accounted

for when determining emissions and overall control efficiency. Subsections B =

‘through D of this section include procedures for adjusting the measured
capture efficiency or measured overall control efficiency to account for'these
factors. Similar procedures shall be used in cases when capture eff1C1ency
determ1nat1on is not requ1red c : c

- B. : Gas/gas protoco]s.

: Capture eff1c1ency shall be measured using one of the fo]]ow1ng
method5°~ b ,

i T Temporary tota] enclosurefmethod.
a. Procedure

: f A temporary tota] enclosure shall be constructed which
'meets the cr1ter1a in Procedure TE as provided in subsection E of Section IV

of th}s document. Capture eff1c1ency shall be determ1ned us1ng the following
formula: - ' , . :

=G, / (G, +F,)

The gas phase fug1t1ve emissions (F,) shall be measured using Procedure F.1.

The gas phase captured emissions (G ) shall be measured us1ng Procedure G.2.

In this case; a single flame ionization analyzer span setting can often be
used s1mu1taneous]y for both Procedure F.1 and Procedure G.2. If such use of
a single flame ionization device is not feasible, for example due to ‘
concentration dlfferences Procedure G.1 may be used with the approval of the
department.

b, Adjustments to measured'capture efficiency‘

Vo1at11e organ1c compounds remaining with the product
shall be counted as fug1t1ve emissions and added to the value of the gas phase
fugitive emissions (F ) unless it can be demonstrated to the satisfaction of
the department that these volatile organic compounds do not further volatilize
off the product. If volatile organic compound emissions are determined, by
methods acceptable to the department, to be destroyed by processes such as
direct-fired ovens or exhaust recirculation, the amount of volatile organic
compound emissions so destroyed may be added to the value of the gas phase
captured emissions (G,) in the calculation above in subsection B 1 a of this
section. o ’ ' :

2. Building as;enc]osure method.
a. Procedure.
~ Only the coating application system to be tested shall

be in operation during the test. A1l other sources of volatile organic.
compounds shall be shut down, but all normally used exhaust fans and
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ventilation systems shall be operating. Capture efficiency shall be
determined ‘using the following formula: :

G /1 (G +Fy )

The gas phase fug1t1ve emissions (F ) shall be measured us1ng Procedure F.2,
The gas phase captured emissions (G3 shall be measured using Procedure G.2.
In this case, a single flame ionization analyzer at the same span sett1ng can.
often be used s1mu1taneous1y for both Procedure F.1 and Procedure G.2. If
such use of a single flame jonization analyzer device is not feasible, for
example due to concentration differences, Procedure G.1 may be used w1th the
approva] of the department

~b.  Adjustments to measured capture efficiency.

Volatile organic compounds remaining with the product

sha]] be counted as fugitive emissions and added to the value of the gas: phase»~u

fugitive emissions (Fy) in the above calculation.unless. it can be demonstrated
to the satisfaction o% the department that these volatile organic compounds do~
“not further volatilize off the product. If volatile organic: compound

emissions. are determined, by methods. acceptab]e to the department, to be
destroyed by processes such as direct-fired ovens or exhaust recirculation,
the amount of volatile organic compound emissions so. destroyed may be added to
the value of the gas phase captured emissions (G) in the calculation above in
subsect1on B 1laof th1s section.

C. L1qu1d/gas protocols.

o Capture efficiency shall be measured using one of the following
- methods: ; ; : ;

‘«11 ~ Temporary total enclosure method.
a. Procedure.

A temporary total enclosure shall be constructed which
meets the criteria in Procedure TE as provided in subsection F of Section IV
of this document. Capture efficiency shall be determined u51ng the following
formula: ,

| CE=(L-F, )/L

The gas phase fugitive emissions (F,) shall be measured using Procedure F.1.
The liquid phase volatile organic compounds 1nput (L) sha?] be measured using
Procedure L. .

b, Adjustments to measured capture efficiency.

Volatile organic compounds remaining with the product
shall be counted as fug1t1ve emissions and added to the value of the gas phase
fugitive emissions in the above calculation unless it can be demonstrated
to the satisfaction o¥ the department that these volatile organic compounds do
not further volatilize off the product. In the later case, volatile organic
compounds rema1n1ng with the product shall be subtracted from the 11qu1d phase
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input volatile organic compounds. If volatile organic compound emissions are

~ determined, by methods acceptable to the department, to be destroyed by

nt of volatile organic compound emissions so destroyed may be taken when

tca]cuiat1ng overa11 centro] eff1c1ency in subsect1on A of Section I of W,p;,,{*,?,

document o ’ ,
24 ~Bu1]ding asfenc1osure,method.

S a. Procedure.

0n1y the coating app]1cat1on system to be. tested sha11u~‘y

be operated ‘A11-other sources of volatile organic compounds shall be shut
down but all norma]]y used exhaust fans and ventilation systems shall. be in
gperatwonw Capture eff1cwency shall be determ1ned using. the fo]low1ng
formula: -~ R . .

The gas phase. fug1t1Ve emissions. (Fg) shall be.measured us1ng Procedure F.2.
The Tiquid phase volatile organ1c compounds 1nput (L) shal] be measured u51ng
Procedure L. : s

b.. | Adjustments to measured capture efficiency

' Volat11e organ1c compounds remaining with the product
shall be counted as fug1t1ve emissions and added to the value of the gas phase
fugitive emissions ) in the above calculation unless it can be demonstrated
to the satisfaction o?
not further volatilize off the product. In the later case, volatile organic
compounds remaining with the product shall be subtracted from the 11qu1d phase
input volatile organic compounds.  If volatile organic compound emissions are

determined, by methods acceptable to the department, to be destroyed by
- processes such as direct-fired ovens or exhaust recirculation, credit for the
amount of volatile organic compound emissions so destroyed may be taken when
' ga]cu]at1ng overall contr01 efficiency in subsect1on A of Sect1on 1 of this
ocument

- ~ 3. If only a single volatile organic compound is present in the
input liquid (L), the procedures in 40 CFR 60.547 may be used to determ1ne
capture eff1c1ency

: D. L1qu1d/11quid protocol.
o 1} - Applicability.

: The liquid/1iquid protocol sha]l be used to determine
overa11 control efficiency (OE) only when a solvent recovery system is used to
/ contro] a s1ng1e coating app11cat1on operat1on

| | 2.. Procedures. 4 ‘

: Overall contro] efficiency shall be measured accord1ng to
the procedures spec1f1ed in 40 CFR 60. 713 (b) (1 ).s However, comp11ance sha]]
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',‘be determ1ned on a 24 hour ba51s

3. AdJustments to measured overal] contro] eff1c1ency

: V; ot11e organ1c ‘compounds. rema1n1ng with the produc‘ Y
olatile organic compounds input if it can be demo
c the department that these volatile organic compounds do
further volatilize off the product. If volatile organic.compound
ssions are determined, by methods that have been approved by the

the amount of volatile organ1c compound emissions so destroyed
adde the amount of volatile organic compounds: recovered by the
f,so1vent reco; ry system to determ1ne overall: contro1 eff1c1ency ‘

‘ C]ean1ng, purg1ng and wash -up. so]vents shall not be 1nc1uded ~
i ‘the overall” contro] eff1C1ency for a coatxng ap 11cat1on system;‘
;So]vent

: ;V;*} Approved capture effTC1ency test procedures

~7A}; Procedure for ‘measuring volatile organic compounds in liquidf"'
‘ 1nput Procedure L c

,:1;; Introduct1on
a; App11cab111ty

‘ e “This procedure is app11cab1e for determ1n1ng ‘the input
of vo]at11e organ:c compounds (voC). It is intended to be used as a segment
in the development of 1iquid/gas protocols for determining volatile organic

:'compound capture eff1c1ency (ce) for surface coat1ng operat1ons and pr1nt1ng
;,processes e |

b. Principle‘

S - The amount of volatile organic compounds 1ntroduced to
;the process (L) is the sum of the products of the weight (W) of each volatile -
- organic compound containing liquid (1nk paint, solvent, etc.) used and its
~ volatile organic compound content (V). A samp]e of each volatile organic
~;,gompound conta1ning ]1qu1d is analyzed with a flame ionization ana1yzer to
~determine V. : ,

- C. Est1mated measurement uncerta1nty

‘ -~ The measurement uncerta1nt1es are est1mated for each
vo]at11e organ1c compound containing liquid as follows: W = +2.0 percent and
= #12.0 percent. Based on these numbers, the probable uncertainty for L is
est1mated at about :12 2 percent for each vo1at11e organ1c compound conta1n1ngg
‘ 1qu1d

rsdtz «‘Samp]ingprequirements;

_AQP-3:9
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: y o A capture eff1c1ency test shall consist of at least
three sampling runs. The sampling time for each run should be at least 8
hours un]ess otherW1se approved _ ,

e.  Notes.

Because this procedure is often applied in highly
explosive areas, caution and care should be exercised in choosing appropriate
equipment and installing andfusing the equipment. Mention of trade names or-
company products does not constitute endorsement. A1l gas concentrat1ons
(percent, ppm) are by volume, unless otherwise noted.

42. ‘ Apparatus and reagents.
a.  Liquid Weight.

, - (1) Balances/digital scales to weigh drums of
, vo]at11e organ1c compound containing liquids to within 0.2 1b.

(2) Volume measurement apparatus (alternative):
vo1ume meters f]ow meters, density measurement equipment, etc., as needed to
achieve same accuracy as direct weight measurements.

‘b. -~ Volatile organic compound content (flame ionization
analyzer technique). : ' :

' The Tiquid sample analysis system is shown in Figures
A-1 and A-2. The following equipment is required:

(1) Sample collection can: an appropriately sized
metal can to be used to collect volatile organic compound containing
materials. The can must be constructed in such a way that it can be grounded
 to the coat1ng container.

7 (2) Needle valves to control gas flow.

(3)  Regulators for carrier gas and calibration gas
cylinders.

(4) Tubing.

Teflon® or stainless steel tubing with diameters
and lengths determined by connection requ1rements of equipment. The tubing
between the sample oven outlet and the flame ionization anaiyzer shall be -
heated to ma1nta1n a temperature of 120 = 5°C.

(5) Atmospher1c vent.

A tee and 0 to 0.5-1iter/min rotameter p]aced in
‘the samp11ng Tine between the carrier gas cylinder and the volatile organic
compound sample vessel to release the excess carrier gas. A toggle valve
placed between the tee and the rotameter facilitates leak tests of the
~analysis system
‘ , (6)  Thermometer capable of measuring theftemperature
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oven.

’enc]osure conta1n1ng ca]1brat1on:”asu
; d h AR

»'fSuff1c1ent ]engths of sta1n]ess steel or Teflan® 5',7
ero and calibration: ‘gases to be heated: to the. sample oven: a
s_efore enter1ng the cr1t1ca1 or1f1ce or asp1ratorg_qw Ll

s , = (9) Watervbath capab]e of heat1ng and ma1nta1n1ngsa soo
“izsamp‘e esse] temperature of 100 £5 C;J ' . SR .

(1!) Ana]yt1ca] ba]ance to. measure +0. 001 g. ;3‘ |

(11) ,B1sposab1e syr1np s,}z -cc or 5—cc.

(12) Sample vesse]

"ﬂaiA glass 40-m1 septum;v1a1 A separaieressel':ﬂv~5:~:'

] ~a“is needed fcr e,,h»sample ,
l (13) Rubber stopper

o : “Two-hole stopper to accommodate 3 2 -’ (1/8—1n );
’,tub1ngb appropr1ate1y sized to fit the opening of the sample vessel.

"1H~The;rubber stopper should be wrapped in Teflon tape to provide a t1ghter sea1 o

t any reaction of the sample with the rubber stopper. . :
an ak-free closure. fabr1cated of non- react1ve mater1a1s and S
; ssary tubang fztt1ngs may be- used., . Sl el

(1 ) Cr1t1ca1 or1f1ces.“

Calibrated crit1ca] or1f1ces capab]e of

lfjsf prov1d1ng constant flow rates from 50 to 250 m1/min at known pressure- drops

_Sapphire orifice assemblies and g1ass cap111ary tub1ng have been found to be
_adequate fer this app11cat1on.w‘ , : o s e

(15) Vacuum gauge.

R BT I e s,O tq 760 ~mm (0 to 30 -in.)’ Hg U- Tube manometer or*
-vacuum gauge. ik ¢ L G s

(16) Pressure gauge

v : 3 Bcurdon gauge capab]e of measur1ng the max1mum
o aidr pressure at the asp1rator 1n1et (e. g i 100 p51g) -

(17) Asp1rator

f°;,3p AQP-3:11 .



A device capable of generat1ng suff1c1ent vacuuml
at the‘sample vessel ‘to create critical flow through the calibrated or1f1ce

- wheh fficient air pressure is present at the -aspirator inlet. The.
‘ _must also provide . ffac1ent samp]e pressure to operate the“

-the asp1rator

(18) Soap bubble meter of an appropraate size to
ca]1brate the cr1t1ca1 or1f1ces in the system. ,

(19) 0rgan1c concentrat1on ana1yzer.‘ :“

An fTame 1on1zat1on analyzer with a span. value .

~oof L. 5 t1mes the expected: concentrat1on as propane; however other span values.

may be used if it can be demonstrated that they would provide more accurate
measurements. The system shall be capab]e of meet1ng or exceed1ng the
| f0110w1ng spec1f1cat1ons' i i w3 | A .
"‘ ‘ Fp ;(a)~. Zerosdriftu1e35xthanf:S;O‘percehteof the
span value. . = , LT ' . o Ceil e
L e ~ (b) Calibration drift less than 3.0 percent
oflspan“value;y&f L : " = R - CE
| (c) Calibration error 1ess,thahr:5s0:perCent
of the ca11brat1on gas va]ue o , wEE

(20) Integrator/date:acquisitidn system.

‘An ana]og or digital device or computervzed data

acquls1t1on system used to integrate the flame ionization ana]yzer response or
compute the “average response and record measurement data. The minimum data
sampling frequency for computing average or integrated values is one
measurement value every 5 seconds. The device sha11 be capab]e of record1ng
average values at 1east once per m1nute e . ,

(21) Chart recorder (opt1ona1)

A chart recorder or similar dev1ce is
recommended to prov1de a cont1nuous analog d1sp1ay of the meaSurement resu]ts
dur1ng the liquid samp]e ana]ys1s

(22) Calibration and other gases

: ’ “For ca11brat1on fuel, and combustwon air (1f
requ1red) contained in compressed gas cy11nders Al calibration gases shall
be traceable to NIST standards and shall be certified by the manufacturer to

~ #1 percent of the tag value. Additionally, the manufacturer of the cylinder
should provide a recommended shelf life for each calibration gas cylinder over
which the concentration does not change more than +2 percent from the
certified value. For calibration gas values not genera]1y available,
alternative methods for prepar1ng calibration gas m1xtures such as d11ut1on
systems may be used w1th pr1or approval , L
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“(a)  Fuel.

‘ A 40 percent H,/60 percent He_or 40
. percent H, /60 percent N, gas mixture is recommended to avoid an. oxygen.
- synergism: effect that reportedly occurs when oxygen concentrat1on var1es
51gn1f1cant1y from atmean value. f c .

(b) Carrier gas.

. : High purity air: w1th ]ess than 1 ppm of
organ1c mater1a] (as propane) or less than 0.1 percent of the span va]ue, _
wh1chever 1s greater. , i

(c) - Flame 1ontzat1on analyzer 11near1ty
‘ ca11bratlon gases.

‘ ' Low—« mid-, and high-range gas m1xture
: standards w1th nom1na1 propane concentrat1ons of 20-30, 45-55, and et
~70-80 percent of the span value in air, respect1ve1y Qther ca11brat10n
‘values ‘and other span values may be used 1f it.can be shown that more accurateg~
‘measurements would be -achieved. :

(d) System ca]ibration gas.

‘ Gas m1xture standard conta1n1ng propane in
~air, approx1mat1ng the undiluted volatile organ1c compound- concentrat1on o
. expected for the 11qu1d samples. ,

3. Determ1nat1on of liquid input weight.
a. Weight difference.

Determine the amount of material 1ntroduced to the
process as the we1ght difference of the feed material before and after each
sampling run. In determining the total volatile organic compound conta1n1ng
liquid usage, account for: ? ) the initial (beginning) volatile organic
‘compound containing liquid mixture; (b) any solvent added during the test run;
(c) any coating added during the test run; ‘and (d) any residual volatile .
organic compound contatntng liquid m1xture rema1n1ng at the end of the samp]e
run. ' ,

(1) Identify all points where volatile organic
compound containing - 11qu1ds are introduced to the process. To obtain an
accurate measurement of volatile organic compound containing liquids, start
with an empty fountain (if applicable). After completing the run, drain the
“liquid in the fountain back into the 11qu1d drum (if p0551b1e), and weigh the
drum again. Weigh the volatile organic compound containing liquids to 0.5
percent of the total weight (full) or 0.1 percent of the total weight of
~volatile organ1c compound containing liquid used during the sample run,
~whichever is less, If the residual liquid cannot be returned to the drum,
drain the fountain into a prewe1ghed empty drum to determ1ne the final weight
of the Tiquid.

(2)  If it is not possible:to measure a single;
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representative mixture, then weigh the various components separately (e g., if
solvent is added dur1ng the sampling run, weigh the solvent before it is added
‘to the- m1xture) If a fresh drum of vo]at11e organic compound containing
;1qu1d is needed dur1ng the nun then we1gh both the empty drum and fresh

rum.

b, VoTume‘measurement (alternative).

If d1rect we1ght measurements are not feas1b1e the
tester may use volume meters and flow rate meters (and density measurements)
to determine the weight of liquids used if it can be demonstrated that the '
technique produces results equivalent to the:direct weight measurements. If a -
- single representative. m1xture cannot be measured, measure: the: components
separate]y

4., Determ1nat1on of volatile organic compound content in 1nput
- Tiquids. , .

a.  Collection of liquid samples.

' (1) Collect a 100-m1 or larger samp]e of the
‘volatile organic compound containing liquid mixture at each application
Tocation at the beginning and end of each test run. A separate sample should -
be taken of each volatile organic compound containing liquid added to the
‘application mixture during the test run. If a fresh drum is needed dur1ng the
samp11ng run, then obtain a sample from the fresh drum.

o B - (2) When col]ect1ng the sample, ground the samp1e ,
container to the coating drum.  Fill the sample conta1ner as close to the rim
as possible to m1n1m1ze the amount of headspace.

(3) After the sample is co]]ected seal the
conta1ner so the sample cannot 1eak out or evaporate : ‘

S (4) Label the container to 1dent1fy c]ear]y the
contentst' :

b. Liquid sample volatile organic compound content.

(1) Assemble the 11qu1d volatile organic compound
‘content ana1y31s system as shown in Figure A-1. :

(2)  Permanently 1dent1fy all of the critical
orifices that may be used. Calibrate each critical orifice under the expected
operating conditions (i.e,, sample vacuum and temperature) aga1nst a volume

~ meter as described below in subsection A 5 ¢ of this sect1on

' (3) Label and tare the samp]e vessels (1nc1ud1ng the
stoppers and caps) and the syringes. '

() Install an empty sample vessel and perform a :
leak test of the system. Close the carrier gas valve and atmospher1c vent and
evacuate the sample vessel to 250 mm (10 in.) Hg absolute or less using the
‘aspirator. Close the toggle va]ve at the inlet to the aspirator and observe
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the vacuum:for at least one m1nute. If there is any change in the sample v
. - pressure, release. the vacuum, adJust or repa1r the apparatus as necessary and ‘
: :repeat the 1eak test. | o |

e : SRR (5) “Perform the analyzer ca11brat1on and 11near1ty
o checks accord1ng to the procedure in subsection A 5 a of this section. Record

-~ the responses to each of the calibration gases and the back pressure sett1ng
o of the f]ame 1on1zat1on analyzer ,

' , (6) Estab11sh the appropriate d11ut1on rat1o by
adjusting the aspirator air supply or subst1tut1ng critical orifices. Operate
the aspirator at a vacuum of at least 25 mm (1 in.) Hg greater:than the vacuum

‘necessary to achieve critical flow. Select the dilution ratio so that the
maximum response of ‘the flame 1on1zat1on ana]yzer to the samp1e does not
exceed/th\,lfgh range ca]1brat1on gas..

L . (7) Perform system calibration checks at two 1evels
by 1ntroduc¢ng compressed gases at the inlet. to. the sample vessel while the:

- aspirator and dilution devices are: operating. - Perform these checks using ‘the
_carrier gas (zero concentrat1on) -and the ssystem-calibration gas. If the
response to the carrier gas exceeds #0.5 percent of span, clean or repair the
~apparatus and repeat the check. Adjust the dilution ratio as necessary to o
~achieve the correct response to ‘the upscale check, but do not adjust the
ana]yzer calibration. Record the identification of the orifice, asp1rator air
supply pressure, flame ionization analyzer back-pressure, ‘and the responses of
the f1ame 1on1zat1on ana]yzer to the carrier and system ca11brat1on gases

: o (8) After completing the above checks, 1n3ect the
system ca]1brat1on gas for approximately 10 minutes. Time the exact duration
of the gas injection using a stopwatch. Determine the area under the flame
ionization analyzer response curve and calculate the system response factor
based on the sample gas flow rate, gas concentration, and the duration of the
1n3ect1on as. compared to the 1ntegrated response using Equat1ons A-2 and A-3.

o ' : (9)  Verify that the sample oven and samp1e 11ne
: 1vtemperatures are 120 + 5°C and- that the water bath temperature is 100° + 5°C.

(10) Fill a tared syr1nge with approximately 1 g of
the vo]at11e organic compound containing liquid and weigh it. Transfer the
liquid to a tared sample vessel. Plug the sample vessel to minimize sample
loss. Weigh the sample vessel containing the liquid to determine the amount
~of sample actually received. Also, as a quality control check, weigh the
empty syringe to determine the amount of material delivered. The two coating
sample weights should agree within 0.02 g. If not repeat the procedure
unt11 an acceptable samp]e is obtained. - c

, : (11) Connect the vessel to the ana]ys1s system ,
- Adjust the asp1rator supply pressure to the correct value. Open the valve on
the carrier gas supply to the sample vessel and adjust it to provide a slight
excess flow to the atmospheric vent. As soon as the initial response of the
flame ionization analyzer begins to decrease, immerse the sample vessel in the
- water bath. (Applying heat to the sample vessel too soon may cause the flame

ionization analyzer response to exceed the ca]wbrated range of the instrument,
and thus invalidate the ana]ys1s ) e c ,
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(12) Cont1nuous]y measure and record the response of
vthe flame ionization analyzer until all of the volatile material has been
‘evaporated from the sample and the instrument response has returned to the
~ baseline (i.e ~esponse less than 0.5 percent of the span value). Observe

~the aspira ply pressure, flame ionization analyzer back-pressure, .

spheric vent, and other system operating parameters during the run; repeat'

: ysis. procedure if any of these parameters deviate from the va1ues
establ1shed dur1ng the system calibration checks in subsection A 4 b (7) o
- this section. After each sample perform the drift check described in
subsection A 5 b of this section. If the drift check results are acceptab]e,
calculate the volatile organic compound content of the sample using the
equations in subsection A 7 of this section. Integrate the area under the -
flame ionization analyzer response curve, or determine the average
concentrat1on respense and “the duration of samp]e ana]ys1s '

L 5 Ca11brat1on and quality assurance

a. F]ame iopization ana]yzer calibration and 11near1ty
check. .

Make necessary adJustments to the air and fue1

- supplies for the flame ionization analyzer and ignite the burner. Allow the
flame ionization analyzer to warm up for the period recommended by the o
‘manufacturer InJect a calibration gas into the measurement system and adjust -
the back-pressure regulator to the value required to achieve the flow rates
specified by the manufacturer. Inject the zero- and the high-range ,
calibration gases and adjust the analyzer calibration to provide the proper
responses. Inject the Tow- and mid-range gases and record the responses of
the measurement system. The calibration and linearity of the system are
acceptab]e if the responses for all four gases are within 5 percent of the
respective gas values. If the performance of the system is not acceptable,
repair or adjust the system and repeat the linearity check. Conduct a
calibration and linearity check after assembling the ana1ys1s system and after
a magor change is made to the system.

b, Systems drift checks.

- After each sample, repeat the system calibration
checks in subsect1on A 4 b (7) of this section before any adjustments to the
flame ionization analyzer or measurement system are made. If the zero or
calibration drift exceeds #3 percent of the span value, discard the result and
repeat the ana]ys1s., v

c. Critical orifice calibration.

: (1) Each critical orifice must be calibrated at the
specific operating conditions that it will be used. Therefore, assemble all
components of the liquid sample analysis system as shown in F1gure A-3. A
stopwatch is a]so required. ‘

(2) ~ Turn on the sample oven, sample line, and water
bath heaters and allow the system to reach the proper operat1ng temperature
Adjust the aspirator to a.vacuum of 380 mm (15 in.) Hg vacuum. Measure the
t1me requ1red for one soap bubble to move a known distance and record
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barometric pressure.

e (3) Repeat the ca11brat1on procedure at a vacuum of
406 -mm (16 in. ) Hggand at 25-mm (1-1in.) Hg intervals until three consecutive

 determinations provide. the same flow rate, Calculate the critical flow rate,\”*”'h"i’

for. the ori

min at standard cond1t1ons Record the vacuum: ne
to ach1eve ‘ . .

Tt1ca1 “flow.

i f;-d;k Nomenclatune.

A = area under the response curve of the 11qu1d samp]e, o
area count. .

“ASA= area. under the response curve: of the ca11brat1on gas,
©  area count. , | | : i
_VC5f=‘,actua1 concentrat1on of system ca11brat1on gas ppm

propane.

K = 1.830 x 10 g/(m1-ppm).

e L' = total volatile organic compound content of liquid
~ - input, kg. ‘ , ,
VML:=u-mass of 11quid sample delivered to the Sample]veSSel,
Togs : : : Pk
‘q' = f1ow rate\through,critical orifice, ml/min.

RF:=, 1iquid analysis system response factor g/area COunt :

- Tg = total gas injection time for system- ca11brat1on gas
~ during 1ntegrator calibration, min. ~

Ve, = final volatile organic compound fraction of volatile
‘ organic compound conta1n1ng 11qu1d Je

V;; = ‘initial volatile organic compound fraction of volat1]e
©organic compound containing liquid j..

Vys = volatile organic compound fract1on of volatile organ1c
~ compound containing 11qu1d A added during the run.

V= volatile organic compound fract1on of 11qu1d samp]e.

Wey = we1ght of volatile organ1c compound containing 11qu1d
~ j remaining at end of the run; kg.

Wy = weight of volatile organic compound conta1n1ng 11qu1d ;
' j at beg1nn1ng of the run, kg.

Wy = we1ght of volatile organic compound conta1n1ng 11qu1d
3 added dur1ng the run, kg. : ,
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7. Ca]culatwons

‘ ol ‘ ,'"a, Tota] vo]at1]e organic compound content of the 1nput
,~vo]at11e organ1c compound conta1n1ng 11qu1d : e

e e U
oSy L Rey g e ey
~L;;v_ﬁéifgl;,VIj’lej_ égﬂ Ves er ’},él Vag Yy -

o ‘ b. L1qu1d sample ana]ys1s system response factor
,*for systems us1ng 1ntegrators grams/area counts.

qutK e e T e
RF = - S o e N e
Ay e e
B ‘c.  Volatile organic compound content of the liquid
~ sample. ‘ R Ut T
Vim o i Eq. A-3
e Mo ,

B. Procedure for measur1ng captured vo]at11e organ1c compound
emissions. (d1rect samp]1ng techn1que) Procedure G. 1 :

t”l.' Introduct1on. |
a. - App11cab111ty

' This procedure is app11cab1e for determ1n1ng the,~‘
volat11e organ1c compound content of captured gas streams. It is intended to
be used as a segment in the development of liquid/gas or gas/gas protocols for
determining volatile organic compound capture efficiency %CE) for surface
coating operat1ons and printing processes. ' The procedure may not be
_acceptable in certain site-specific situations, e.g., when: (i) dwrect fired
heaters or other circumstances affect the quant1ty of volatile organic ~
_ compounds at.the control. device inlet; and (ii) particulate organic aerosols
are formed in the process and are present 1n the captured emxss1ons ~

’bi" Pr1nC1p1e

‘ The amount of volatile organic compounds captured (G)
is calculated as the sum of the products of the volatile organic compound
content (CG ), the flow rate (Qeag and the-samp]e t1me (te) from each captured
em1ss1ons p01nt ,

3. Est1mated measurement uncerta1nty
= o : , The measurement uncerta1nt1es are estlmated for each ‘
captured or- fug1t1ve emissions point as follows: Qg = %5.5 percent and

i = £5.0 percent. Based on these numbers the probable uncerta1nty for G is
est1mated at about :7 4 percent.iy - SO e
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’*t, eqqumentfa d i

Vi} d. - Samp11ng requ1rements

. A capture efficiency test shall cons1st of at 1east
: The samp]1ng;t1me for each run- shou1d be at Teast 8

A : ' Because th1s procedure is often app11ed in h1gh1y

: eproS1ve areas,

ing-and using the equipment.. Mention of trade names or .
: endorsement. A11 gas concentrat1ons

yotherwwse noted i

"Tg~m2gf Apparatus and reagents

»‘ﬁ‘ea.e? Gas vo]at11e organ1c compound concentratton.«_

N i ».A?séhematiCioffthe&measunem ‘;system 1s shown ine
Figure B-1. The maln components are: deschbed be]ow" L
& | (1) Samp]e probe

: e Sta1n1ess stee1 or equ1va1ent “The,probe~sha11ef'
: be heated to pnevent volat11e organic compound condensat1on SR

(2) Ca11brat1on va]ve assemb1y
el . Three- -way va]ve assemb]y at: the outlet of samp]e .

“probe to d1rect the zero and calibration gases to the analyzer. Other ‘
-methods, such as quick-connect lines, to route ca11brat1on gases ‘to the out1et
~,«of the samp]e probe are. acceptab]e. ; : , ‘

‘ t(3)v SampTe 11ne | |

Sta1n1ess steel or Tef]on@ tubtng to transport

,the samp?e gas to the ana]yzer The samp]e 11ne must be heated to prevent
,condensat1on g , , T LU LT
| ‘ (4), Samp1e pump

‘ ‘ A leak-free pump, to pull the sample gas through'
the system at a f]ow rate sufficient to minimize the response time of the .

. measurement system. The components of ‘the pump that contact the gas stream

shall be constructed of stainless steel or~Tef1on® ~The samp]e pump must be
heated to prevent condensat1on. ‘ : e ,

- (58) Samp]e Flow rate control.

' g - A sample flow rate control va]ve and' rotameter
or equ1va1ent to ma1nta1n a constant sampling rate within 10 percent. The
flow rate control valve and rotameter must be heated to prevent condensation.
A control valve may also be Tocated on the sample pump bypass 1oop to ass1st

in controll1ng the samp]e pressure and flow rate 4
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(6)‘ -Sample gas manifold.

Capable of d1vert1ng a port1on of the sample g
i nﬂanalyzer andvthe remainder to the by
) ts - '

s designed to use separate
d pumps for each: measurement location and a common
~sample gas man1feld ,,,' ame«1on1zat1en analyzer., The sample gas man1feid
and connecting ‘lines to the’f]ame 1on1zat1on ana]yzer must be heated te ;
prevent cendensatton.. ; S , - L

fimultipte Tocation
sampling probes,

(7) Organ1c concentrat1on ana]yzer. An flame ;
er*w1_2 a span va]ue of 1. 5 t1mes the expected cencentrat1on '

e PR e o (a) IZero dnaft Tess than #3, O percent of thec" ‘
- span value." SRR : , R

e G (b)  Ca]ibration=drift“1éss than*i3.0kper¢ent
~ of the span value. T hshe s S

LR e e o o e ) sCalibration error less than 5.0 percent
. of the calibration gas value. | e s

ua(d), Response t1me 1ess than 30 seconds.yf"l
EN (8) Integrator/data acqu1s1t10n system

: ' ~An ana]og or d1g1ta1 device or computer1zed data'
t1on system used to integrate the flame ionization analyzer response or

w‘f"co'm"'te the average response and record measurement data. The minimum data

- ng frequency for computing average or integrated values is one.
o “measurement value every 5 seconds., The device sha11 be capabte of record1ng
':average vaTues at 1east once per m1nute J s : S

(9) Ca11brat1on and other gases

Gases used for calibration, fue1 and combustion e‘
air (1f requtred) are conta1ned in compressed gas- cy11nders AT1 calibration -

- gases shall be traceable to NIST standards and shall be certified by the
: .snmanufacturer to x1 percent of the tag value. Additionally, the manufacturer.
~of the cylinder should provide a recommended shelf life for each calibration

- gas cylinder over which the concentration does not change more than 2 percentr
~from the certified value. For calibration gas values not genera11y available, .
- alternative methods for ‘preparing calibration gas m1xtures such as d1Tut1nn
: systems Kﬁay b ;uSed w1th prior approval, : : s

'(a) Fue]

A 40 percent H /60 percent He -or 40
' ,percent H2/60 percent N2 gas m1xture is recommendef to av01d an oxygen




synergism effect that reportedly occurs when oxygen concentration varies
31gn1f1cant1y from a mean value.

(b) Carr1er gas

' i H1gh purity air with less than 1 ppm of
organ1c material (as propane or carbon equ1va1ent) or less than 0.1 percent ef
the span value, wh1chever is greater. . :

(c)  Flame ionization ana]yzer 11near1ty
~calibration gases

' : Low~, m1d- ‘and high- range gas m1xture
'standards w1th nom1na1 propane concentrat1ons of 20- -30, 45-55, and 70-80 - c
percent of the span value in air, respectively. Other calibration values and
_other span values may be used if it can: be shown that more accurate
’"measurements wouId be achieved. . '

(10) Part1cu1ate filter.
: An in-stack or an out- of stack g]ass fiber
filter is- recommended if exhaust gas particulate loading is significant. An

out-of-stack filter must be heated to prevent any condensation unless it can.
be demonstrated that no condensation occurs.

b. V4Captured emissions vo]umetric flow rate.

(1) EPA Reference Method 2 or 2A apparatus for
'determ1n1ng vo]umetr1c flow rate. -

‘ (2) EPA Reference Method 3 apparatus and reagents
for determining molecular weight of the gas stream. An estimate of the
mo]ecu]ar weight of the gas stream may be used if it can be justified.

o (3) EPA Reference Method 4 apparatus and reagents
for determ1n1ng m01sture content, if necessary. , :

3. Determ1nat1on of volumetr1c flow rate of captured emissions.
a. Locate all points where emissions are captured. from
the affected facility. Using EPA Reference Method 1, determine the sampling
points. Be sure to check each site for cyc]on1c or sw1r11ng flow.

; ‘ 'b; ~Measure the velocity at each sampling site at least
. once every hour during each sampling run using EPA Reference Method 2 or 2A

4. Determination of VOC content of captured emissions.-
Cas Analysis duration
: ' Measure the volatile organic compound responses at
each captured emissions point dur1ng the entire test run or, if app11cab1e‘

~while the process is operating. If there are multiple captured emission
1ocat1ons de51gn a sampling system to allow a single flame- 1on1zat1on
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- concent

,analyzer to be used to determine the volatile organic. compound responses at :
all samp11ng locations. :

f;ksb. 5 Gas volat11e organ1c compound concentrat1on.

: : (1) Assemble the samp1e train as shown in Flgure B-'
1. Ca11brate the flame jonization ana]yzer accord1ng to the procedure in :
: subsect1on B 5 aof th1s section. s ,

(2) Conduct a system check accord1ng to the
procedure in subsect1on B 5 ¢ of this section.

(3) Instal] the sample probe so that the probe is o
centrally: 1ocated 1n the- stack pwpe or- duct and is sealed t1ght1y at the :
stack port connect1on o s s

e o a) InJect zero gas. at the calibration valve

: assembly.w A1low the measurement system response to reach zero. Measure the
~system response ‘time as: ‘the time: required: for the system-to reach the eff]uent

‘tion after the. ca11brat1on va]ve has been: returned to: the eff]uent

' amp11ng pos1t1on. ,

2 R - (5) Conduct a system check before and - a- system dr1ft
check after each samp11ng run according to the procedures in subsections B 5 b’

and 5 ¢ of this section. If the drift check following a run indicates

unacceptable performance, the run is not valid. The tester may elect to

vﬁerform system: dr1ft checks during the run not to exceed one dr1ft check per
our. . ,

: (6) Verify that the sample lines, fi]ter,‘end pump
~temperatures are 120 ) 5°C. : i ,

(7) Begin sampling at the start of the test per1od
and cont1nue to samp]e dur1ng the entire run. Record the starting and ending
times and any requ1red process information as appropriate. If multiple
captured emission locations are sampled using a single flame ionization
analyzer, sample at each location for the same amount of time (e.g., 2 =
minutes) and continue to switch from one location to another for the entire.
‘test run. Be sure that total sampling time at each location is the same at
the end of the test run. Collect at least 4 separate measurements from each
- sample point dur1ng each hour of testing. Disregard the measurements at each
~sampling location until two times the response time of the measurement system
has elapsed. Continue sampling for at least 1 minute and record the
concentrat1on measurements. : :

e Background concentration.
(1) Locate all NDO's of the TTE, A samp11ng p01nt
ha11 be centra11y located outside of the TTE at 4 equ1va1ent diameters from
each 'NDQ, if possible. If there are more than 6 NDO S, choose 6 samp11ng
po1nts even]y spaced among the NDO S.

L (2) Assemble the sample train as shown in F1gure B2. 3
_Ca11brate the f]ame jonization analyzer and conduct a system check accord1ng TN
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to the procedures in subsections B 5 a and 5 b of this section. Note: This .
sample train shall be a separate sampling train from the one to measure. the
~captured emissions. o : S ' ‘

(3).*'Eg$1t10n thé'probe at the samp]ing»locétionQ

o ~ f: (4) Determine the rééponSe time, conduct the‘syStemng
- check and sample according to the procedures described in subsections B 4 a
(4) to 4 b (8) of this section. ' R

d. Alternative procedure.

, i } The direct interface sampling and analysis procedure.
described in Section 7.2 of EPA Reference Method 18 may be used to determine
the gas volatile organic compound concentration. The system must be designed
to collect and analyze at least one sample every 10 minutes. '

’5. Calibratiﬁn.and qualfty*assurance;f‘

Ca. . F]ame‘iOnization analyzér~ca1ibration'and Tinearity
. check. . ' , B

- : Make necessary adjustments to the air and fuel
~supplies for the flame ionization analyzer and ignite the burner. Allow the
flame ionization analyzer to warm up for the period recommended by the ,
manufacturer. Inject a calibration gas into the measurement system and adjust
the back-pressure regulator to the value required to achieve the flow rates
specified by the manufacturer. Inject the zero- and the high-range
calibration gases and adjust the analyzer calibration to provide the proper
responses. Inject the low- and mid-range gases and record the responses of
the measurement system. The calibration and linearity of the system are
acceptable if the responses for all four gases are within 5 percent of the
respective gas values. If the performance of the system is not acceptable,
repair or adjust the system and repeat the linearity check. Conduct a-
calibration and linearity check after assembling the analysis system and after
a major change is made to the system, : g

b. Systems drift checks.

, Select the calibration gas that most closely
approximates the concentration of the captured emissions for conducting the
drift checks. Introduce the zero and calibration gas at the calibration valve
assembly and verify that the appropriate gas flow rate and pressure are
present at the flame ionization analyzer. Record the measurement system
responses to the zero and calibration gases. The performance of the system is
acceptable if the difference between the drift check measurement and the value
obtained in subsection B 5 a of this section is less than 3 percent of the
- span value. Conduct the system drift checks at the end of each run.

c.  System check.
| Injeét'the high range calibration gas at the inlet of

the sampling probe and record the response. The performance of the system is
acceptable if the measurement system response is within 5 percent of the value
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obta1ned in subsect1on B 5 a of this sect1on for the h1gh range ca11brat1on '

“,,gas Conduct a system check before and- after each test run.

. nalysis audi

, ,d'>fas deschbed?;n subsection B 5 b of this section. The analysis aud1t mu: t
‘ !)-;%agree w,th the aud1t cy11n T concentrat1on w1th1n 10 percent :

; ~v'corrected average volatmle organ1c compound G
cconcentrat1on of background emass1ons at p01nt oo ppm
,k}propane e e

1fbefore each test ana1yze an aud1

”vkiarea of NDO 1,,ft2

: tota] area of a]l NDO's in the enc]osure ft2

'faverage background'concentratwon ppm prepane ‘_vfxﬂ7<‘

5"corrected average volatile organac compound i B
.~ concentration of captured em1ss1ons at. p01nt 3, ppmzzf-"
__Ppropane. k

taverage measured concentrat1on for the dr1ft check
,ca]1brat1on gas ppm. propane - S

jijaverage system dr1ft check concentrat1on for zero
‘,concentrat1on ‘gas, ppm propane.k‘f,

'e’actual concentratwon of the drift check ca11brat1on\ e
~gas, ppm propane. . ; L S

4ilf}uncorrected average background vo]at11e organ1c
~ compound concentrat iof measured at point 1, ppm
! *,propane. ;' e e

= uncorrected average volatile organ1c compound
cconcentrat1on measured at po1nt Ji ppm. propane

total volat11e organ1c compound content of captured57f;
em1ss1ons kg. ‘ SN

1.830 x 10'6 kg/(m rppm)

number of measurement po1nts

= . average eff]uent vo]umetr1c flow rate corrected to
}andard cond1t1ons at captured em1551ons po1nt J, he

/m1n

= total durat1on of captured em1ss1ons samp]1ng run A
min. | | iy v
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- concentration

f]g  W7 Cé]culat1ons

v",ieé; | Tota] vo]at11e organ1c compound captured em1ss1ons

6 6:%§(CGJ CB) QGJ te Kl

o b‘~‘ Volat11e organic compound concentrat1on of the
fem1ss1ons at p01nt J S v :

STt e e R R L
o e S e
Pl ~ c.  Background volatile organic compound concentration at
Coi = (Cy = Cpp) —— . FEq.B-3
: CDH‘” Coo B WA :

"“jlrd,u,;/Averagefbackgroundoeohcentration;‘

n Ay

Note: If the concentration at :each point is w1th1n 20 e

»percent of the average. concentration of all po1nts the terms "A v and “A i

- may. be deTeted from Equation B-4.

,C;' Procedure for measuring captured volatile organ1c compound

em1ssxons (dilution techn1que) Procedure G.2
”,1_‘ Introduct1on. | |
a. App11cab111ty

: . This procedure is app]wcable for determin1ng the
'volat11e organzc compounds (VOC) content of captured gas streams. It is

intended to be used as a segment in the development of a gas/gas protoco] in
~ whict ; -

- fugitive emissions are measured for determining volatile organic

pound capture efflczency'(CE) for surface coating operations and pr1nt1ng
processes. A {on system is used to reduce the volatile organic compound
~ Lhe captured emission to -about the same concentration as the
 fugitive emissions. The procedure may not be acceptable in certain site-

- specific situations, e.g:, when: (i) direct f1red ‘heaters or other :
circumstances aff
device inlet; and (i)
~and. are present in the captured em1ss1ons.;f,~ :
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he guantity of volatile organic: ‘compounds at the control
~particulate organic aeroso]s are formed 1n the process,m




b, : Pranc1p1e

s : " The amount of volatile organ1c compounds captured (G)

s calcu}ated as the sum of the products of the volatile organic compound
content (C; ;). the flow rate (Qng and the samp11ng t1me ( ¢) from each = -

' captured em1ss1ons p01nt. : S S

"gc;;' Est1mated measurement uncerta1nty

: The measurement uncerta1nt1es are estimated for each
: captured or fug1t1ve emissions point as follows: ;= 5.5 percent and

5 percent. Based ‘on these numbers, the probahle uncertainty;for;ﬁéist,“
| at about ¢7 4 percent : , T G

d. Samp11ng requ1rements.s

, ... _Acapture eff1c1ency test shall cons1st of at least -
three sampling runs. The samp11ng time: for each run shou]d be at least 8
hours un]ess otherw1se approved , o , ‘

e. Notes

Because this procedure is often applied in h1gh]y :
exp1os1ve areas; “caution and care should be exercised in choosing appropriate
equipment and 1nsta111ng and using the equipment. Mention of trade names or
company products does not constitute endorsement. A1l gas concentrat1ons

‘ ;(percent ppm) are by vo]ume unless. otherw1se noted

‘*’%‘s‘
2. Apparatus and reagents.

oA Gas volatile organic compound concentration.

A schematic of the measurement system is shown in
F1gure C 1. The ‘main components are described be Tow:

(1)  Dilution system.

: . A Kipp in-stack dilution probe and contro]1er or
similar device may be used. The dilution rate may be changed by substituting
different critical orifices or adjustments of the aspirator supply pressure.
~ The dilution system shall be heated to prevent volatile organic compound :
condensat1on Note: An out- -0f - stack d11ut1on device may be used.

(2) Ca11brat1on valve assembly. |
Three- -way valve assembly at the outlet of sample

- probe to direct the zero and calibration gases to the analyzer. '

- Other methods, such as quick-connect lines, to route ca11brat1on gases to the

outlet of the samp]e probe are acceptab]e., ;

| (3) Samp]e Tine.

: : Sta1n]ess steel or Teflon® tubing to transport
the samp]e gas to the ana]yzer. The sample line must be heated to prevent
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~flow control val

condensation. -

“‘(4)v Sample pump.

w;rate sufficient to minimize the response time of
system. The components of the pump that contact the gas stream .

cted of stainless stee1 or Tef1on® The ‘sample pump must be ffi
ft condensat1on e e R

the system at a
measuremen
shall be ¢
heated to_‘,,

. [;(5) ‘Sample. flow rate control.

, A:samp]evflow-rate-contro1;va]veeandirotameier,,
intain a constant sampling rate within 10 percent. The.
»-and: rotameter:must be heated to prevent condensation. A.

Of*eduiValent;‘t i

A leaks free pump, to pull the samp1e gas“ frpgghs‘f5{7~~7 s

control’ valve may also be‘located on the sample. pump bypass 1oop to a551st 1n ?»‘1‘~

ure and. flow rate. .

—sample pr;,a

"-~contr0111ng;
| | (6) Samp]e gas. man1f01d

‘ Capab?e of d1vert1ng a port1on of the samp]e gas
stream to the flame 1on1zat1on analyzer, and the remainder to the bypass .
discharge vent. The manifold components shall be constructed of stainless
steel or TefTon@ If captured or fugitive emissions are to be measured at
mu1t1p1e locations, the measurement system shall be designed to use separate
sampling probes, lines, and pumps for each measurement location and a common
sample: gas manifold and flame ionization analyzer. The sample gas manifold
and connecting lines to the flame 1on1zat1on analyzer must be heated to :
- prevent- ccndensat1on : S

“(7)  Organic concentration ‘analyzer, ”

: An flame ionization ana]yzer with a span va]ue

of 1.5 t1mes the expected concentration as propane; however, other span values

may be used if it can be demonstrated that they would prov1de more accurate

~ measurements. The system shall be capab]e of meet1ng or exceed1ng the
fo]]ow1ng spec1f1cat1ons' o ~

| (a)  Zero drift less than-iS.O'percent'of'the R
span value. a S

e “ (b) Calibration drift less than'¢3.0,percent
of the span value. . ' ;

v ' (c) Calibration error less than‘tS.O*percentp
- of the calibration gas value. T R . .

(d) Response time less than 30 seconds.
(8)  Integrator/data aCQuisition‘system;a
An analog or d1glta1 device or computerlzed data

“acqu151t1on—system used to integrate the flame ionization ana]yzer response or
compute the average response and-record measurement data. The m1n1mum data -
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sampling frequency for computing average or'integkated values 1is one
measurement: value every 5 seconds. The device shall be capable of recording
average values at least once per minute. £ B e

7j(9)af-CaIibfgtiop;ahd cher,gasés.

e - Gases used for calibration, fuel, and combustion
(if required). are contained in compressed gas cylinders. A1l calibration
i shall be traceable to NIST standards and shall be certified by the
~manufacturer to 1 percent of the tag value. ‘Additionally, the manufacturer
of the cylinder should provide a recommended shelf 1ife for ‘each ‘calibration
‘ gas cylinder over»whdch~thevconcéntration>doesenotfchangeamore@thang;Z;percentz
- from the certified value. For calibration gas values not generally available,
- alternative meth s for preparing calibration.gas mixtures; such as dilution
systems, may be used with prior approval. .~ = L ‘

 @)f;ﬁm]f

I UL A 40 percent H,/60 percent He or 40

- percent H,/60 percent N; gas mixture is recommende ~to avoid an oxygem =
~synergism effect that reportedly occurs when oxygen concentration varies
~significantly from a mean value. o : T e

(b)  Carrier gas and dilution air'supp]y{

o e , ‘High purity air with less than l*ppm'of
organic material (as propane or carbon equivalent) or less than 0.1 percent of
-~ the span value, whichever~1sfgreater;' e : R :

(c) Flame ionization analyzer linearity
calibration gases. ‘ = S

S TR . Low=-, mid-, and high-range gas mixture
'standards with nominal propane concentrations of 20-30, 45-55, and 70-80
percent of the span value in air, respectively. Other calibration values and
other span values may be used if it can be shown that more accurate :

measurements would be achieved.
| | (d)  Dilution check gas.

~ ; ; , - Gas mixture standard containingypropane in
air, approximately half the span value after dilution. .

(e) | Particulate filter.

R o An in-stack or an out-of-stack glass fiber
filter is recommended if exhaust gas particulate loading is significant. An
out-of-stack filter must be heated to prevent‘any«condenSationLunJess it can

be demonstrated that no condensation occurs.
b.  Captured emissions volumetric flow rate.

(1)  EPA Reference Method 2 or 2A apparatus for

determining‘vd1umetric'flow rate.
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'f)j{;molecular we1ght of ‘the gas stream_may be used if it can be Just1f1ed

i ' (2) EPA Reference Method 3 apparatus and reagents
3 for determ1n1ng mo]ecular weight of the - gas stream. An estimate of the

'ference Method 4 apparatus and rea
necessary R

LCDeterm1nat10n of vo]umetr1c f]ow rate. of captured,em ssions

SN a, Locate all po1nts where emissions are captured from
,?,,ythej,ffected fac111ty Using EPA Reference Method 1, determine the sampling
- &p01ntsk, Be sure to check each sxte for cyclonic. or sw1r11ng fTow.; R

P ‘A, ,:b” © Measure the ve]oc1ty at each sampling site at Teast..
- ‘once every hou ing each samp11ng run using EPA Reference Method 2 or. 2A.

: Determnnat1on of voc content of captured em1551ons.,'
gy Ana]ys1s durat1on.r
‘ Measure the volat11e organ1c compound responses at

-~ each captured emlss10ns point during the entire test run or, if app11cab1e,
-while the process is operating. If there are multiple captured: em1551ons

'*f~{1ocat1ons ‘design a sampling system to allow a single flame donization

],ana1yzer to be used to determine the vo1at11e organ1c compound,responses at
all samp11ng 1ocattons R P ‘

# db " Gas vo]at11e organ1c compound concentrat1on

(1) Assemb]e the sample train as shown in F1gure C—f
1. Ca11brate the f]ame jonization ana]yzer accord1ng to the procedure 1n
subsectwon C 5 a of th1s sect1on.& c

. i ; (2) Set the d1]ut1on rat1o and determ1ne the i
‘d11ut1on factor accord1ng to the procedure in. subsect1on Ch55c of th1s oy
sect1on. ; ,

o (3) ~Conduct a system check accordlng to the
;procedure 1n subsect1on C5h d of this sectvon 8 -

(4) Insta]] the sample probe so that the probe is
centra]]y 1ocated in the stack pipe, or duct and is sea]ed t1ght1y at ‘the
stack port connect1on.~r : , o a

,‘ : : (5) ‘ InJect zero gas at the ca]1brat1on va]ve
assembly. Measure “the system response time as the time required for the
system to reach the effluent concentration after the ca11brat1on va]ve has .
been returned to the eff1uent samp]1ng position. \ c -

o ' (6) Conduct a system check before and a system dr1ft

. check after each samp11ng run according to the procedures in subsections C 5 b
and 5 d of this section. If the drift check following a run indicates

: r'unacceptable/’erformance the run is not valid. The tester may elect to e

: 'ﬁperform systemﬁdr1ft checks durlng the run not to exceed one. drlft check per 0
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hour.

0 ‘ (7) Verify that the\sample ]ineS,,fi]ter;iandopump’k‘
ltemperatures are 120 % 5°C : g , .

‘ ” (8) Beg1n samp11ng at the start of the test per1od o
.and continue to samp]e during the entire run. Record the starting and ending
- times and any required process information as appropriate. If mu1t1p]e % ‘
- captured emi n locations are sampled using a single flame ionization
‘at each location for the same amount of time (e.g., 2 i :
n cont1nue to switch from one location to another for the entire
Be sure that total sampling time at each: location is the same at

point during each hour -of testing. Disregard the measurements-at each
mpling Tocation until two: times the response ‘time of the measurement - system\
,‘has ‘elapsed. Con nue‘sampl1ng for at 1east 1 m1nute and. record the :
',concentratwon measure ents. - : e

"c ~ Background: concentrat1on.

(1) Locate all NDOs of the TTE A samp11ng po1nt
~shall be centra]]y located outside of the TTE at 4 equivalent diameters from
_each NDO, if possible. If there are more than.6 NDOs, choose 6 samp11ng
po1nts eveniy‘spaced among the NDOs

' ' : (2) “Assemble the samp]e train as shown in Flgure C-
2. Ca11brate the f1ame ionization analyzer and conduct a system check :
,accordtng to the procedures in subsectwons C5a and 5d of th1s section,

t(3) P051t1on the probe at the samp]1ng ]ocat1on

(4) - Determine the response time, conduct the system ;
check and sample accord1ng to the procedures described in subsect1ons C 4
(4) to 4 b (8§ of this sect1on ,

"d. Alternative procedure.

: The direct interface sampling and ana1y51s procedure
descr1bed in Section 7.2 of EPA Reference Method 18 may be used to determine
the gas volatile organic compound concentration. The system must be des1gned
‘to collect and ana]yze at least one sample every 10 minutes.

‘“5.‘ Ca]1brat1on and quality assurance.

‘ a.  flame ionization analyzer ca1ibration and Tinearity
~ check. , ' _ = ,‘ o

'  Make necessary adgustments to the air and fue]
supplies for the f]ame ionization analyzer and ignite the burner. Allow the
flame ionization analyzer to warm up for the period recommended by the
manufacturer. Inject a calibration gas into the measurement system after the .
dilution system and adjust the back-pressure regulator to the value required
‘to achieve ‘the flow rates speC1f1ed by the manufacturer. InJect the zero- and
the h1gh range ca11brat1on gases and adJust the ana]yzer ca]1brat1on to

'AQP~3é3O

uf:the test run. Collect at least 4 separate measurements from each ...



provide the proper’responses Inject the low- and mid-range gases and record

“the responses of the measurement system. The calibration and linearity of the
system are acceptable if the responses for all four gases are within 5 percenti

of the respective gas values. If the performance of the system is not
-acceptable, repair or adjust the system and repeat the linearity check.

Conduct a calibration and linearity check after assembling the ana]ys1s syStem

and after a maJor change is made to the system.
| b.  Systems drift checks.

; : ‘ o Select the calibration gas that most closely
approx1mates the concentration of the diluted captured emissions for

conducting the drift checks. Introduce the zero and calibration gas at the \,;]

calibration valve assembly and: ver1fy ‘that the appropriate gas flow rate-and -
pressure are present at the flame. ionization analyzer.  Record the measurement
- system responses to the zero and calibration gases. The performance of the
~ system is acceptable if the difference between the drift check measurement and
the value obtained above in subsection C 5 a of this section is less than 3.

run.
e Determination of dilution factor.

’ Inject the d11ut1on check gas into the measurement
system before ‘the dilution system and record the response. Calculate the
dilution factor using Equation C-3.

d.  System check. |

: Inject the high range calibration gas at the inlet to
the samp11ng probe while the dilution air is turned off. Record the response.
The performance of the system is acceptable if the measurement system response
is within 5 percent of the value obtained in subsection C 5 a of this section
for the high range ca11brat1on gas. Conduct a system check before and after
each test run, : 3 ‘

- e. Analysis audit.

Immediately before each test ana]yze an audit cy11nder
as described above' in subsection C 5 b of this section. The analysis audit
~must agree with the audit cylinder concentration within 10 percent.

6.  Nomenclature.
A, = area of NDO i, ft2,
Ay = total area of all NDOs in the enclosure, ft?.

T Ch = actual concentration of the df]ution check gas, ppm -
propane.- ~ ;

- Cgy = corrected average volatile organic compound

concentration of background emissions at po1nt i, ppm
propane. ‘ L
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| 7¢

b.

efaverage background concentratwon ppm propane.

ﬂd'd11ut1on factor:;

; total volat11e organic. compound content of captured
vfg'em1551ons kg 3 T o

'fnumber of measurement p01nts. :

;average eff]uent voTumetr1c f1ow rate - corrected tou~ .
}7ndard cond1t1ons at captured em1ss1ons po1nt J,
min- “:;e : ,

total durat1on of capture eff1c1ency samp11ng run i
“min,

- ”Ca]cu1at1ons

Tota1 volat11e organic compound captured em1ss1ons. e
: j. g i \'_’ S
M‘]gl CGJ QGJ tc Kl : qu C"'l i

: : Vo]at11e organ1c compound concentrat1on of the
captured emrss1ons at po1nt J. ' :

~c. Dilution factor.

Coy = OF (Cj= Cpg) ——— . Eq. -2

e



“'~/11qu1d/gas or g

C ." CDO

e eu;«e,Average background concentratxon

; Gﬂgl CB'I

7 'percent of he average cencenlrat1on of al] po1nts, the terms “A5 and *
- may be de ,_om Equat1on C- 5 ~ o i

Lol Precedure for measuring fug1t1ve vo]at11e organ1c compound L
s ,h em1ss’,ns from temporary enc]osures Procedure F. 1 T

Intreduct1on. o
App11cab111ty

; o Th1s procedure is app11cab1e for determ1n1ng the
'fug1t1ve vo1~t11e organ1c compounds (VOC) emissions from a temporary total

‘enclosure: (TTE). It is intended to be used as a segment in the development offi: ‘

: /gas protocols for determ1n1ng volatile organic ‘compound
.capture eff1c1en€y (CEg for surface coat1ng operat1ons and pr1nt1ng processes
‘ b Pr1nC1p1e - o e

S ‘ The amount of fug1t1ve vo]at11e organic compound emissions
(F)“f om the TTE is calculated as the sum of the products of the volatile -
~organic cemp ' dncontent (CFJ) ‘the flow rate (QFJg ‘and the samp1ang t1me (te)
- from each fug 1ve em1551ons point. i ) :

| cﬁ"; Est1mated Measurement Uncerta1nty

: o : The measurement uncerta1nt1es are est1mated for each
~fug1t1ve‘e fss1on po1nt as fo11ows.d,QF = 5,5 percent and - B
CFJ = 15,0 percent. Based on these nuribers ; the probab]e uncerta1nty for F

s est1mated at about £, 4 percent.

5':'}3 ds*; Samp11ng requ1rements.’_f

e S A capture eff1c1ency test sha]] cons1st of at 1east :g
~three sampling runs. The samp11ng t1me fer each run shou]d be at least 8 '
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hours, unless otherw i'Sefap'pno,véd'.f 5

’«vaet' Notes..

S V AT : Because this procedure is often app11ed in h1gh1ng,~,
T exptos1ve:areas caut1on and care sheu1d be exerc1sed in choosing appropriate
: ip and . Mention of trade name i

s -A11 gas concentrat1c“
f;un]ess otherw1se noted ,

: ApparatUS;and reagents
- ja,Q’ Gas vo]at11e organ1c compound concentrat1on.

e o A schemat1c of the measurement system is shown 1n
'thure;D#l’ The ma1n components -are: descr1bed below ot

(1) Sample probe

~ e Statn]ess steel or: equlva]ent The probe sha11
be heated to prevent ve1at11e organ1c compound condensat1on

- (2) Ca11brat1on va]ve assembly.

R Three—way va]ve assembly at the out1et of samp1es
probe to dxrect the zero and calibration gases to the analyzer. Other ;
. methods, such as qu1ck-connect lines, to route ca11brat1on gases to the out1et_s,

of the samp]e probe are acceptab1e , s ; ,

| (3) Samp]e 11ne

T : Sta1n1ess stee1 or Tef]on@ tubtng to transport oy
k the samp]e gas to the ana]yzer The samp1e 11ne must be heated to prevent
,'condensatten. , _ s

(4) Samp]e pump

k ‘ o A leak-free pump, to pu]] the samp]e gas through;
' the system at a f]ow rate sufficient to minimize the response time of the .

measurement system. The components of ‘the pump that contact the gas: ‘stream.
shall be constructed of stainless steel or Tef1on®. The sample pump must be
«heated to prevent condensat1on.- S o T TR

(5) Samp]e flow rate control.

e B 7 A samp]e flow rate control valve and rotameter, .
or equ1valent “to maintain a constant sampling rate within 10 percent. The
flow control valve and rotameter must be heated to prevent condensation. A
- contro}t valve may also be located on the sample pump bypass 1oop to ass1st in
' “contro]]1ng the samp]e pressure and flow rate. » ,

| | (6)  Sample gas manxfold

Capable,of,d1yert1ng a,portionsof'the samp]e'gas,j
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| measurements
-nrfffo110w1ngesp

- ,streamfte-the'flame 1on1zat1on ana]yzer and the rema1nder to the bypass i
v The manifold components shall be constructed of stainless

~ If emissions are to be measured at multiple. 1ocat1ons the

shall be designed to use separate sampling probes, N
urement 1 and a common sample gas man1fe1d nd

y ] ¢ gas manifold and connecting lines to
the f1ame 1on1zat1o ,ana?yzer must be heated to prevent ccndensat1on, o

'”(7)' Organ1c concentrat1on ana]yzer.

e ' ’ An f]ame 1on1zat1on ana1yzer W1th ¥ span value
“yﬁmes the expected concentration as.propane; however, oaher ‘span. values

' can be demonstrated that:they would: provwde more accurate

e system sha11 be capab1e of meet1ng or. exceedlng the ‘
tionssi i .

S G - (a) ‘Zero~drift,1ess:thah,:3;ospercentgof¢the~
. span va?;]fuex._i-” R T SR

s G - (b)  Calibration drifta]eéSvth&n4t3;Q~ﬁeh¢eﬁt5 :
of the[Span'value;' : : : C , e

R Y : '4‘(Q)f?‘Calibration”erFOna1e$s‘than £5.0 percent
of the calibration gas value. ' 2 ‘”“;”;

(d) ~ Response time less than 30 seconds.,~
5! (8) Integrator/data acqu1s1t1on system |

‘ o An analog or d1g1ta1 dev1ce or computer1zed data 
acqu151t10n system used to integrate the flame ionization ana]yzer response or

- compute the average response and. record measurement data. The minimum data

'sampling frequency for computing average or 1ntegrated values is one -
measurement value every 5 seconds. The device shall be capab]e of record1ng
average va1ues at least once per m1nute. , :

»a(9) Ca11brat1on and other gases

: Gases used for ca11brat1on fue1 ~and combustion
air (1f requ1red) are conta1ned in compressed gas: cy11nders ATT calibration
gases shall be traceable to NIST standards and shall be certified by the =
manufacturer to 1 percent of the tag value. Additionally, the manufacturer
- of the cylinder should provide a recommended shelf life for each calibration

gas cylinder over which the concentration does not change more than 2 percent

- from the certified value. For calibration gas values not generally available,

alternative methods for prepar1ng calibration gas: m1xtures such as d11ut1on
' systems may be used w1th pr1or approva1 : ,

(a) Fue1 k ‘
D A 40 percent /60 percent He or 40
' percent H /60 percent N, gas m1xture is recommended to avoid an oxygen

synerg1sm effect that reported]y occurs. when oxygen concentrat1on var1es
s1gn1f1cant1y from a mean va]ue‘, ; - s :
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(b) | Carrier gas.

; . High purity air with less. than 1 ppm of
' organ1c material (as propane or carbon equ1va1ent) or less than 0.1 percent of
the span value, wh1chever is greater ‘ o .

(c) Flame ionization analyzer linearity .
ca11brat1on gases.

B R Low-, mid-, and high-range gas m1xture ,
' ~standards with nominal propane concentrat1ons of 20-30, 45-55, and 70-80 .
‘ " the span-value in air, respectively. Other ca11brataon values and~

; -values may be used: if: it can: be: shown that. more- accurate.

: measurements wou'ld be ach1eved ,

(10) Part1cu1ate f11ter
An in- stack or an out-of-stack g]ass f1ber
: f11ter is recommended if  exhaust gas particulate loading - is significant. An
out-of-stack filter must be heated to prevent .any condensat1on unless it can
be. demonstrated that no condensat1on occurs. o
b., , Fug1t1ve emissions vo]umetr1c flow rate.

' R ' (1) EPA Reference Method 2 or 2A apparatus for
determ1n1ng volumetric flow rate. :

(2) EPA Reference Method 3 apparatus “and reagents,‘
for determ1n1ng molecular weight of the gas stream. An estimate of the
~molecular weight of the gas stream may be used if it can be justified

, (3) EPA Reference Method 4 apparatus and reagents,
for determ1n1ng moisture content, if necessary.

c.  Temporary total enclosure.

~ ’ The criteria for designing a TTE are discussed in
- Procedure TE. ' ‘ ‘
| 3, Determination of volumetric flow rate of fugitive emissions.
R a. Locate all points where emissions are exhausted from
the TTE. Using EPA Reference Method 1, determine the samp11ng po1nts. Be
sure to check each site for cyclonic or swirling f]ow.~ : _ ,

) b. Measure the velocity at each sampling site at 1east
once every hour during each samp11ng run us1ng EPA Reference Method 2 or 2A.

ry Determ1nat1on of voc content of fug1t1ve emissions.
‘a. . “Analysis duration.
Measure the volatile organic compound responses at

,each fug1t1ve em1ss1on point during the entire test run or, if app11cab1e
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while the process is operating. If there are multiple emission locations,
design a sampling system to allow a single flame ionization analyzer to be
i use: -gdeterm1ne the vo]at11e organ1c compound responses at a]] samp11ng
‘ ocat1ans. . c - ,

b, Gas vo]at1]e organ1c compound concentrat1on.c

B ‘ (1) Assemble the samp]e train as shown in F1gure D-
1. Calibrate the flame ionization analyzer and conduct a system check
~according to the procedures in subsect1ons D 5 a and 5 b of this section,
respect1ve1y o

(2) Install the sample probe so- that the probe is
centraT]y located: in: the* stack, p1pe or-duct, and is sealed: t1ght1y at the.:
stack port connect1en S ‘

: (3) In;ect zero gas at the ca11brat1on valve :
A11ow the: measurement. system: response to: reach zero. . Measure the
resp -ast : ired for the system to veach the: eff
concent t1on .after the ca]1brat1on valve. has.been returned to the eff ent
fsamp11ng p051t1on ' c

assembly

, ' (4) Conduct a system check before and a system drift
check after each sampling run according to the procedures in subsections D 5 b -

and 5 c of this section. If the drift check following a run indicates

unacceptable performance, the run is not valid. The tester may elect to.

Eerform system dr1ft checks during the run not to exceed one drift check per:
our s i c

(8) Verify that the sample lines, fi]ter;'and pump
: temperatures are 120 + 5°C. ‘ '

' (6) Beg1n sampling at the start of the test per1od
and continue to samp]e during the entire run. Record the starting and ending
times and any required process information as appropriate. If multiple
emission locations are sampled using a single flame ionization analyzer,
sample at each location for the same amount of time (e.g., 2 minutes) and
continue to switch from one location to another for the entire test run. Be
‘sure that total sampling time at each location is the same at the end of the
test run. Collect at least 4 separate measurements from each sample point
during each hour of testing. Disregard the response measurements at each
sampling Tocation until two times the response time of the measurement system
has elapsed. Continue sampling for at least 1 m1nute and record the ‘
concentrat1on measurements. . : «

‘ G Determination of volatile organic compound‘background?
concentration. k o o
(1) Locate all NDOs of the TTE. A samp]1ng po1nt
shall be central]y located outside of the TTE at 4 equ1va1ent diameters from
~each NDO, if possible, If there are more than 6 NDO's, choose 6 sampling
points- even1y spaced among the NDO's. LA L

(2) Assemb]e the samp]e train as shown in F1gure D-
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2. Calibrate the flame ionization analyzer and conduct a system check
according to the procedures in subsections D 5 a and 5 c of this section.

(3) Position the probe at the sampling location.

(4) Determine the response time, conduct the system
check and sample according to the procedures described in subsections D 2 c to
D2f of th1s sect1on.

d. Alternative procedure

The direct interface sampling and analysis procedure
described in Section 7.2 of EPA Reference Method 18 may be used to determine
the gas volatile organic compound concentration. The system must be des1gned
to collect and analyze at least one sample every 10 minutes. : :

5. Ca]ibration and quality assurance.

a. Flame ionization analyzer calibration and 11near1ty
~check.

Make necessary adJustments to the air and fuel
supplies for the flame ionization analyzer and ignite the burner. Allow the
flame jonization analyzer to warm up for the period recommended by the
manufacturer. Inject a calibration gas into the measurement system and adjust
the back-pressure regulator to the value required to achieve the flow rates
specified by the manufacturer. Inject the zero- and the high-range
calibration gases and adjust the analyzer calibration to provide the proper
responses. Inject the low- and mid-range gases and record the responses of
the measurement system. The calibration and linearity of the system are
acceptable if the responses for all four gases are within 5 percent of the
respective gas values. If the performance of the system is not acceptable,
repair or adjust the system and repeat the linearity check. Conduct a
calibration and Tinearity check after assembling the analysis system and after
a major change is made to the system

b. Systems drift checks.

Select the calibration gas concentration that most
closely approximates that of the fugitive gas emissions to conduct the drift
checks. Introduce the zero and calibration gas at the calibration valve
assembly and verify that the appropriate gas flow rate and pressure are
present at the flame ionization analyzer. Record the measurement system
responses to the zero and calibration gases. The performance of the system is
- acceptable if the difference between the drift check measurement and the value
obtained in subsection D 5 a of this section is less than 3 percent of the
span value. Conduct a system dr1ft check at the end of each run.

c. System check.
Inject the high range calibration gas at the 1n1et of
the sampling probe and record the response. The performance of the system is

acceptable if the measurement system response is within 5 percent of the value
obtained in subsection D 5 a of this section for the high range calibration
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‘gas. oconduct-a‘systém check before each test run.

de

Analysis audit.

Immedxate]y before each test ana]yze an audit cy]1nderk

as descr1bed in subsect1on D 5.b of this section. The analysis audit must
» agree w1th the audxt cy]1nder concentrat1on w1th1n 10 percent.

6;

7.

' Nomenc]ature..
A, = area of NDO i, ft.
Ay = total area of a]];NDOS in the enclosure, ft2,
Cqy = corrected average volatile organic compound
‘ concentration of background em1551ons at point 1, ppm
propane , ,
- Cg =faverage background concentrat1on ppm propane
| Coy = average measured concentration for the dr1ft check
. ca11brat10n gas, ppm propane.
‘Cy = average system drift chéck concentrat1on for zero
. concentrat1on ‘gas, ppm propane.
| Cej = corrected average volatile organic compound |
concentration of fugitive em1ss1ons at p01nt Ju ppm
propane. |
C, = actual concentration of the drift check ca]1brat1on
. gas, ppm propane. '
C; = uncorrected averagefbackground volatile organic
, compound concentration at point i, ppm propane.
, Cj, = uncorrected averoge volatile organic compound
= concentration measured at point j, ppm propane.
F = total volatile organ1c compound content of fug1t1ve
: emlss1ons kg.
K, = 1.830 x 10 kg/(n*-ppm).
n = number of measurement points. - |
QFj = average effluent volumetric flow rate corrected to- |
: }andard cond1t1ons at fugitive emissions po1nt 3,
m”/min. S ‘
-ty = total duration of fugitive em1ss1ons sampllng run,
- omin. :
Ca]culatxons.
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.'*,‘T 1~vo]at11e organic compound fug1t1ve em15S1o;,,

E“‘ F ;nia(CFJ '_1 QFJ tF Kl  £ ‘ ;“ 1[?9'” ;juff | Eq;lﬂfifn:'

L Vo]at1]e organ1c compound concentrat1on of the
;at po1nt J : . A

 ngteie msesion” |
et
o o Con - Cpo i
~¢c. = Background volatile organic compound concent
: ~pointuj. ~k 1 D P e r o e
Gy = (C - CDO)

(o “‘CDo S

U _AVérage,background_concentration.

uélcﬁ" |

'cB qu4 -

Ay e
Note: If the concentration at each po1nt s w1th1n 20

‘ ‘»percent of the average concentration of a11 po1nts the terms “A " and "A BES
,‘;;may ‘be de]eted from Equat1on D 4. ; . g LS

'ffffE Procedure for measuring fug1t1ve voc em1551ons from bu1]d1ng :
: encTosures ‘Procedure F.2. S . Lt

!1' 15 . Introduction.
a,“u Applicability.

o : Th1s procedure is app11cab1e for determ1n1ng the
~ e:rfug1t1ve volat1]e organlc compound emissions from a building enclosure (BE)
It is intended to be used as a segment in the development of liquid/gas or
_gas/gas protoco]s for determining volatile organic compound capture eff1c1ency>,'
: (CE) for sur ,oat1ng operat1ons and pr1nt1ng processes.~« ;

' “‘ u7gfb:7 | Pr1nc1ple | o
g e il The total amount of fug1t1ve vo1at11e organ1c compoundﬁr
em1ss1ons {Fq ) from the BE is calculated as the sum of the products of the . '
. volatile organ1c compound content (CFJ) of each fug1t1ve em1ss1ons po1nt, 1ts
'; flow rate (QFJ), -and t1me (tF). u - i

e c;cg; Measurement uncerta1nty
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: The measurement uncertainties are est1mated for each
- fugitive emissions point as follows: Qe; = *5.0 percent and Cp; = £5.0

percent. Based on these numbers the probable uncertainty forJFB is est1mated owf

at about +11.2 ‘percent.

fd.v Samp11ng requ1rements |

, A capture eff1c1ency test shall consist of at Teast
three sampling runs. The sampling time for each run should be at Teast 8.
hours, unTess otherwise approved. :
‘ e. Notes. ‘ k
- Because this procedure is often applied in highly

expTos1ve areas, caution and care should be exercised in choosing appropriate
equipment and 1nstaTT1ng and using the equipment. Mention of trade names or
company products does not constitute endorsement. All gas concentrat1ons
(percent ppm) are by volume, unless otherw1se noted ‘
| 2. Apparatus and reagents.

a.  Gas VOC concentration.

o ' A schemat1c of the measurement system is shown in
Figure E-1. The main components are described below:

(1) SampTe probe.

‘ | Stainless steel, or equ1vaTent. The probe shall
be heated to prevent volatile organ1c compound condensation. '

(2) CaT1brat1on valve assembly. ,
 Three- -way valve assembly at the outlet of sampTe
probe to d1rect the zero and calibration gases to the analyzer. Other
methods, such as quick-connect lines, to route calibration gases to the outlet
of the sampTe probe are acceptable.
| (3)  Sample 11ne.

‘ ’ Stainless steel or Teflon® tubing to transport
~the sample gas to the anaTyzer The sample line must be heated to prevent
condensat1on . EER
(4)  Sample pump.

‘A leak-free pump, to pull the sample gas’ through
the system at a flow rate sufficient to minimize the response time of the

- measurement system. The components of the pump that contact the gas stream.

shall be constructed of stainless steel or TefTon®. The samp]e pump. must be
heated to prevent condensat1on ‘

(5)  Sample flow rate control.
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B A samp]e f]ow rate contro] valve and rotameter
_or equ1va1ent to maintain a constant ‘sampling rate within 10 percent. The
~ flow rate. ccntrol valve and rotameter must be heated to prevent condensation.
A control valve may also be located on the sample pump bypass 1oop to ass1st
in contra]11ng the samp]e pressure and f]ow rate

‘ (6) Samp]e gas man1fo]d

o Capab]e of d1vert1ng a port1on of the sample gas
'stream to the f]ame ionization analyzer, and the remainder to the bypass
~discharge vent. -The manifold components shall be constructed of stainless
‘steel or Teflone. If emissions are to be measured at multiple locations, the
measurement system shall be designed to use-separate sampling probes, 11nes,

. and pumps for each measurement location and a common sample gas manifold and

flame ionization ana]yzer The sample gas manifold must be heated to prevent
condensatwon : e

(7) 'OrganiCVCOncentration-analyZerfs
. An flame 1on1zat1on ana]yzer with a span value

of 1. 5 times the expected'concentrat1on ‘as propane; however, other span values
may be used if it can be demonstrated that they. would prov1de more accurate

 measurements. The system shall be capab]e of meet1ng or exceed1ng the

'f011ow1ng spec1f1cat1ons" E

‘ :x ~(a) Zero\drift 1ess’than_£3;0 percent of the
espan:value. ‘ P ,

R i ~ (b)  cCalibration drift less than 3.0 percenti'
of the span value. : v ¢

e oy PRI ~(c) Calibration error less than 5.0 pefceht~
-of the calibration gas value. L R

- (d) Response time less than 30 seconds.
(8) Integrator]data'acquisition system.

An ana]og or digital device or computer1zed data
acqu1s1t1on system used to integrate the flame ionization ana]yzer response or
~ compute the average response and record measurement data. The minimum data
sampling frequency for computing average or integrated values is one
measurement value every 5 seconds. The dev1ce sha11 be capab]e of recordlng
~average values at 1east once per m1nute '

(9) Ca11brat10n ‘and other gases.

Gases used for ca11brat10n fuel, and combustion
Cair (if requlred) are conta1ned in compressed gas. cy11nders AN calibration
‘gases shall be traceable to NIST standards and shall be certified by the
manufacturer to *1 percent of the tag value. Add1t10na11y, the manufacturer
of the cylinder should provide a recommended shelf life for each calibration
gas cylinder over which the concentration does not change more than :2 percent
from the cert1f1ed va]ue _For calibration gas values not. general]y ava11ab1e
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a1ternat1ve methods for preparing ca11brat1on gas m1xtures, such as d11ut1on
systems may be used with pr1or approval,

(a)  Fuel.

' A 40 percent H,/60 percent He or 40
percent H2/60 percent N, gas mixture is recommendef to avoid an oxygen =
synergism effect that reported]y occurs when oxygen concentration varies
significantly from a mean va]ue c

(b) Carrier gas.

, H1gh purity air with ]ess:than 1 ppm of 8
organic material (propane or carbon equivalent) or less than 0.1 percent of
the span value whichever is greater. '

(c) Flame ionization ana]yzer 11near1ty
calibration gases.

‘ Low-, mid-, and high- range gas mixture
standards with nominal propane concentrations .of 20- 30, 45-55, and 70-80"
percent of the span value in air, respectively. Other ca11brat10n values and
other span values may be used if it can be shown that more accurate
measurements wou]d be- achieved. ,

(10) - Particulate filter.

An in-stack or an out-of-stack glass f1ber
filter is recommended if exhaust gas particulate loading is significant. An
out-of-stack filter must be heated to prevent any condensat1on unless it can
be demonstrated that no condensation occurs.

b. Fugitive emissions volumetric flow rate.
(1) Flow direction indicators.

Any means of indicating inward or outward flow,
such as light plastic film or paper streamers, smoke tubes, filaments, and
sensory perception.

(2) EPA Reference Method 2 or 2A apparatus for
determ1n1ng volumetric flow rate. Anemometers or similar devices calibrated
according to the manufacturer's instructions may be used when low velocities
are present. Vane anemometers (Young-maximum response propeller), spec1a11zed
pitots with electronic manometers are commercially available with: measurement,
thresholds of 15 and 8 mpm (50 and 25 fpm), respectively. ~

(3) EPA Reference Method 3 apparatus and- reagents
for determining molecular weight of the gas stream. An estimate of the
- molecular wewght of the gas stream may be used if it can be justified.

(4) EPA Reference Method 4 apparatus and reagents
for determ1n1ng m01sture content, if necessary.
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3. Determination of volumetric flow rate of fugitive emissions.
a. Preliminary determinations.

The purpose of this exercise is to determine which
exhaust points: should be measured for volumetric flow rates and vo]at11e
organic compound concentrations.

(1) - Forced draft openings.

Identify all forced draft openings. Determine
the volumetric f]ow rate according to EPA Reference Method 2. o

(2) NDOs exhaust pownts.

The NDOs in the roof of a facility are e
considered to be exhaust points. Determine volumetric flow rate from these
NDO's. Divide the cross-sectional area according to EPA Reference Method 1
using 12 equal areas. Use the appropriate velocity measurement devices, e.g.,
propeller anemometers. o ~ ' R

(3) Other NDO's.

(a) - This step is opt1ona1 Determine the
exhaust flow rate 1nc]ud1ng that of the control device, from the enclosure
and the intake air flow rate. If the exhaust flow rate divided by the intake
air flow rate is greater than 1.1, then all other NDOs are not considered to
be s1gn1f1cant exhaust po1nts ‘ - e ‘

{(b) If the option above is not taken 1dent1fy
all other NDOs and other potential points through which fugitive emissions may
escape the enclosure. Then use the following criteria to determine whether
f]ow rates and volatile organic compound concentrat1ons need to be measured

(i) Using the appropr1ate flow d1rect1on
indicator, determine the flow direction. An NDO with zero or inward flow is
not an exhaust point. ' -

- (ii) Measure the outward volumetric flow
rate from the remainder of the NDO's. If the collective flow rate is 2
percent, or less, of the flow rate from subsections E 3 a (1) and (2) of this
section, then these. NDO's, except those within two equivalent diameters (based
on NDO open1ng) from vo]at1]e organic compound sources, may be cons1dered to
be non-exhaust points.

B (iii) If the percentage calculated in
(i) above is greater than 2 percent, those NDOs (except those within two
equivalent diameters from volatile organic compound sources) whose volumetric
flow rate total 2 percent of the flow rate from subsections E 3 a (1) and (2)
~of this section may be considered as non-exhaust points. A1l remaining NDOs
shall be measured for volumetric flow rate and volatile organ1c compound
concentrations during the CE test. ~

(iv)  The tester‘may choose to measure
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volatile ofgénic;compound concentrations at the forced exhaust points‘Ahd~the
NDO's. If the total volatile organic compound emissions from the NDOs are
“less than 2 percent of the emissions from the forced draft and roof NDO's,

- _then these NDOs may be eliminated from further consideration.
o “b. | Determination of flow rates.

, (1) Measure the volumetric flow rate at all v
locations identified as exhaust points in subsection E 3 a of this section.
Divide each exhaust opening into 9 equal areas for rectangular openings and 8
for circular openings. : ‘ '

(2) = Measure the velocity at each site at least once
every hour during each sampling run using EPA Reference Method 2 or 2A, if
applicable, or using the low velocity instruments in subsection E 2 b (2) of
this section. ‘ ) '

4.  Determination of voc content of fugitive emissions.
a. Analysis duration.

: : Measure the volatile organic compound responses at
each fugitive emission point during the entire test run or, if applicable,
while the process is operating. If there are multiple emissions locations,
design a sampling system to allow a single flame ionization analyzer to be

#sedAto determine the volatile organic compound responses at all sampling
ocations. ' ' s

b. Gas volatile organic compound concentration.

(1) Assemble the sample train as shown in Figure E-
1. Calibrate the flame ionization analyzer and conduct a system check
according to the procedures in subsections E 5 a and 5 ¢ of this section,
respectively. T

(2) Install the sample probe so that the probe is
centrally located in the stack, pipe, or duct, and is sealed tightly at the

“stack port connection. ‘ ‘

: ' (3) Inject zero gas at the calibration valve
assembly. Allow the measurement system response to reach zero. Measure the
system response time as the time required for the system to reach the effluent
concentration after the calibration valve has been returned to the effluent

sampling position.

e (4) Conduct a system check before and a system drift
check after each sampling run according to the procedures in subsections £ 5 b
and 5 ¢ of this section. If the drift check following a run indicates
unacceptable performance, the run is not valid. The tester may elect to
perform drift checks during the run not to exceed one drift check per hour.

: - (5) Verify that the sample lines, filter, and pump
temperatures are 120 = 5°C. : ‘ S
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: (6) Begin sampling at the start of the“test‘period}

';andgcontjnué-toysample during the entire run. Record the starting and ending

- time | any required process information as appropriate. If multiple

emission locations are sampled using a single flame ionization analyzer,
~sample at each location for the same amount of time (e.g., 2 minutes) and

continue to switch from one location to another for the entire test run. Be

sure that total sampling time at each location is the same at the end of the
test run. Collect at least 4 separate measurements from each sample point
during each hour of testing. Disregard the response measurements at each
sampling Tocation until two times the response time of the measurement system -
has elapsed. Continue sampling for at least 1 minute and record the
concentration measurements. - ‘ 5 ‘ :

c.  Alternative procedure.

¥ . : ‘ The direct interface sampling and analysis procedure
described in Section 7.2 of EPA Reference Method 18 may be used to determine.
the gas volatile organic compound concentration. The system must be designed
to collect and analyze at least one sample every 10 minutes. o

5.  Ca1ibration and quality assurance.

a.  Flame ionization analyzer calibration and linearity
check. |

\ Make necessary adjustments to the air and fuel
supplies for the flame ionization analyzer and ignite the burner. Allow the
flame ionization analyzer to warm up for the period recommended by the - ;
manufacturer. Inject a calibration gas into the measurement system and adjust
the back-pressure regulator to the value required to achieve the flow rates
specified by the manufacturer. Inject the zero- and the high-range :
~calibration gases and adjust the analyzer calibration to provide the proper

responses. Inject the lTow- and mid-range gases and record the responses of
the measurement system. The calibration and Tinearity of the system are
acceptable if the responses for all four gases are within 5 percent of the
respective gas values. If the performance of the system is not acceptable,
~ repair or adjust the system and repeat the linearity check. Conduct a
calibration and linearity check after assembling the analysis system and after
~ a major change is made to the system. - ‘ S

b.  Systems drift checks.

. Select the calibration gas that most closely
approximates the concentration of the captured emissions for conducting the
drift checks. Introduce the zero and calibration gas at the calibration valve
assembly and verify that the appropriate gas flow rate and pressure are -
present at the flame ionization analyzer. Record the measurement system
responses to the zero and calibration gases. The performance of the system is
acceptable if the difference between the drift check measurement and the value
obtained in subsection E 5 a of this section is less than 3 percent of the
span value. Conduct a system drift check at the end of each run.

| c. System'check.
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~th *'amp]’ng robe and record the response. The performance of the system
; the measurement system response is within 5 percent of the value
bsection E 5 a of this section for the hlgh range ca?1bra ion
: aisystem check before each test run.,” . o

6,; e

‘d;

Ingect the h1gh range ca11brat1on gas at the inlet of

Ana]ysws aud1t

'lS

Immed1ate1y before each test analyze an aud1t cy11nder
as descr1bed in subsect1on E 5 b of this section. The analysis aud1t must
agree wzth the audit cy11nder concentrat1on within 10 percent. o

Nomenc]ature ‘ ‘
‘CDH'= -average measured concentrat1on for the: dr1ft check .t
- -calibration: gas, ppm_propane.
CD0‘=1 average system drift check concentrat1on for zero
concentratTOn gas,. ‘ppm propane
' ng = corrected average volatile organ1c compound S
5 concentration of fug1t1ve em1SS1ons at p01nt J, ppm;
- propane. SE LR
€, = actual concentration of the drwft check ca]abrat1on‘
' gas, ppm propane. c c
C; = uncorrected average volatile organ1c compound
o ,concentrat1on measured at point j, ppm propane
| FB = total" volatw]e organ1c compound content of fug1t1ve
3 emissions from the bu11d1ng, kg, =
Ky = 1.830 x 107 kg/(m,—ppm).
n = number of measurement points.
Qey = average effluent volumetric flow rate corrected to
' }andard cond1tions -at fugitive: em1551ons poant J,
, m’/min. ,
| t; = total durat1on of capture eff1c1ency samp11ng run,

mm
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g 7' : Ca1cu1at10ns

za:' Tota] vo]at11e organ1c compound fug1t1ve emass1ons

: b Vo1at11e organ1c compound concentrat1on of the
fug1t1ve em1ss1ons at p01nt 3 e , s

(C - Coo) —————~——’s Y T 'L ‘Eq;‘Eaz
‘ DH T “DO . i

R ’ Cr1ter1a for and ver1f1cat10n of a permanent or temporary tota!
‘ enc]osure Procedure TE ’ : , L .

"‘h"l; | Introduct1on
¥at‘ App]1cab111ty

: ThlS procedure is used to determ1ne whether a s
‘ _permanent or temporary enclosure meets. the criteria of a tata] enc]osure

b, Pr1nc1p1e

, e An. enclosure 15 eva]uated agalnst a set of cr1ter1a. :
'ZIf the crtterwa are met and if all the exhaust gases are ducted to a control
device, then the volatile organic compound capture eff1c1ency (CE) is assumed
. to be 100 percent and CE need not be measured. However, if part of the
5 exhaust gas stream is. not ducted to a contro] dev1ce CE must be: determ1ned

9 2.f, Def1n1t1ons

3 ‘ a. Natura] draft open1ng (NDO) ~-- Any permanent open1ng s
in the enc]osure that remains open during operation of the fac111ty and is not
connected to a duct in which a fan is installed.

b, Permanent tota] enc]osure (PTE) S permanently
,~1nsta11ed enc]osure that comp]ete]y surrounds a source of emissions such that
~all volatile organic compound emissions are captured and contawned for \
d1scharge through a contro] dev1ce. : S -

' c. Temporary tota] enc]osure (TTE) -- A temporar11y
1nsta11ed enclosure that completely surrounds a source of emissions such that
‘all volatile organic compound emissions are captured and contained for ‘
d1scharge through ducts that a]Tow for the accurate measurement of vo]at11e S
4‘organ1c compound rates. e ; , , e

: ;s3;s, Cr1ter1a of a temporary tota] enc}osure.,

e Any NDO sha11 be at 1east 4 equ1va1ent open1ng
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\d1ameters from each volatile organic compound em1tt1ng point.

b, Any exhaust po1nt from the enclosure sha]l be at Jeast
4 equwvalent duct or hood dlameters from each NDO. ‘

, ’ c.  The tota1 area of all NDOs shall not exceed 5 percent
of the surface area of the enclosure's four wa]]s floor, and ceiling.

d. The average facial ve]oc1ty (FV) of air through all
NDOs shall be at least 3,600 m/hr (200 fpm). The d1rect1on of air through a]]
NDOs shall be -into the enclosure.

e. . A1l access doors and windows whose areas are not
included above in subsection E 3 c of this section and are not included in the
calculation in subsection E 3 d of this section shall be closed during routine
operat1on of the process

4, Cr1ter1a,of a permanent total enclosure.

' a.  Same as above in subsections E 3 a and 3 c through e
of this section. : . _

' - b. A1l volatile organic compound emissions must be
captured and contained for d1scharge through a control device.

5. Procedure.

a. Determine the equivalent diameters of the NDOs and
determ1ne the distances from each volatile organic compound emitting point to
all NDO's. Determine the equ1va1ent diameter of each exhaust duct or hood and
its distance to all NDO's. Calculate the distances in terms of equivalent
diameters. The number of equivalent diameters shall be at least 4.

: b.  Measure the total area (A,) of the enclosure and the
total area ) of all NDOs of the enclosure. fcu]ate the NDO to enclosure
area rat1o (N%AR) as follows: o .

NEAR = Ay/A,
The NEAR must be <0.05. ‘

, c. Measure the volumetric flow rate, corrected to
standard conditions, of each gas stream exiting the enclosure through an

exhaust duct or hood using EPA Reference Method 2. In some cases (e.g., when
the building is the enclosure), it may be necessary to measure the volumetric
flow rate, corrected to standard conditions, of each gas stream entering the
enclosure through a forced makeup air duct using EPA Reference Method 2
Calculate FV using the following equation: :
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FV = [Qo - Ql]/ AN

'Where:f ,
G Qy = the sum of the volumetric flow from all gas
. streams exiting the enclosure through an exhaust
- duct or hood. = , /
[ Q; = the sum of the volumetric flow from all gas

streams into the enclosure through-a forced
makeup air duct; zero, if there is no forced
makeup air into the enclosure.

Ay = total area of all NDOs in enclosure.
" The FV shall be at least 3,600 m/hr (200 fpm).

d. Verify that the direction of air flow through all NDOs
is inward. Use streamers, smoke tubes, tracer gases, etc. Strips of plastic
~ wrapping film have been found to be effective. Monitor the direction of air
flow at intervals of at least 10 minutes for at least 1 hour.

6. Qué]ity assurance.

' a. The success of this protocol lies in designing the TTE
to simulate the conditions that exist without the TTE, i.e., the effect of the
TTE on the normal flow patterns around the affected facility or the amount of
fugitive volatile organic compound emissions should be minimal. The TTE must
enclose the application stations, coating reservoirs, and all areas from the
application station to the oven. The oven does not have to be enclosed if it
is under negative pressure. The NDOs of the temporary enclosure and a
fugitive exhaust fan must be properly sized and placed.

; ' b. Estimate the ventilation rate of the TTE that best
simulates the conditions that exist without the TTE, i.e., the effect of the
TTE on the normal flow patterns around the affected facility or the amount of
fugitive volatile organic compound emissions should be minimal. Figure F-1
may be used as an aid. Measure the concentration (C;) and flow rate (Q;) of
the captured gas stream, specify a safe concentration (C;) for the fugitive
gas stream, estimate the CE, and then use the plot in Figure F-1 to determine
the volumetric flowrate of the fugitive gas stream (Q;). A fugitive volatile
organic compound emission exhaust fan that has a variable flow control is
desirable. ' :

(1) Monitor the concentration of volatile organic
compounds into the capture device without the TTE. To minimize the effect of
temporal variation on the captured emissions, the baseline measurement should
be made over as long a time period as practical. However, the process
conditions must be the same for the measurement in subsection E 6 b (3) of
this section as they are for this baseline measurement. This may require
short measuring times for this quality control check before and after the
construction of the TTE.

, (2) After the TTE is constructed, monitor the
volatile organic compound concentration inside the TTE.. This concentration
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Liquid analysis sample system.

Figure A-1.
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Critical orifice calibration apparatus.

Figure A-3.

=
b7l

a
"

*spjededde uojjeUq)(BD 314140 [BILF}AD

J9vO WNNOVA HO

*€-y 24nby4

[ 31vd som

[ —13ss3A
I1dNVS
DO

HILINONVW 38NLN
\_J B4 .0E- 0
m - m S HIZAWNY i, e .
NOILVZINOI m:uz_‘_m : C—
} 3NV dWVS
:wzo_Emﬂ QaLVaH i AVME

H3QHO0 :

16VHO ®4V [iase it % HOLVHIISY l_LA
s supea™ | |
NOILISINOOV e i
viva "
MOLVHOILINI m
1SNVHX3 aid oo 2]
valanviod |=|
iy =|

SSVdAB 31dWVS m | nano vamvs aamvan . = —

S§35VD NOILVHEITVD

C

ALIBV3ND
S3NN WNOIS z
S3NIT 31dWVS ?
JATVA 319901 2 &
3ATVA 31033N m
m

aN3931

;

JONYHE MO

C

%

J9VO
JUNSS3Hd

Q—

1NITWAINO3 1O
'HIV O"3zZ
‘odn

;

SO

....... .-u.n::nuunnu-aauannuuu ...oa.:n:qccl_;l .uﬂM._wﬂﬂﬂﬂﬂﬂﬂﬂuﬂﬂ

H313WOWH3HL

3014HO
IVOILIHD

100 DNILVIH
SV9

.
¥
1
[
]
v
]
]
.
]
.
v
¥
¥
¥
v
1
'
.

HLv8 U3ALVM

[ gigiogiogiogioghgingiogiegingingiopingiogigpigggt N LR L T T

HILINOWHIHL
NIAO 3dNVS

HIian
3188n8

— ]

Hiv

54

AQP-3



S3NIT TNOIS s

63NN INdNVS  ——

3AWA 31033N ﬂ

‘WdSAS Judwaanseaw uojIeauacuU0d

punodwod djuebuo af}1ei0A SBY

*1-@ 34nBy4

SVYO OuzZ

JONVH HOM
IONVY -QIN

C

........

SSVdAE FUINVS

o
f g
=
(@]
a .
==
o
O 42

wn
o >
o>
5o GN39T1
(o) N o
“— Q
=

[<}]
O -
— 3
-
T ® QI04INVIW TNINYS
—
(]
> Cc
n-2 (IVNOILdO)
T H3q4OoO3Y
@z uvHo UIZATVNY
= NOLLVZINO! ﬁ .
— @ anvid %O
[}
=8 W3LISAS 00
ge NOILISINOOV
2, viva —
2 AOLVHOIINI =
" _ < =|uaianvioy

ISV Gl Jidnvs
i §s30X3

------------------------------

3N dWVS Q3ALV3H A1BN3SsY

IAVA
| NOUVHBIVO g oV
GaLV3H

1 1ona 40 3aaw

1v 3a0ud
ANIOd 31ONIS

AQP-3:55



Background measurement system.

Figure B-2.
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Captured emissions measurement system (dilution method).

'Figure_Cél.
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Figure C-2.

Background measurement system.
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Fugitive emissions measurement system.

Figure D-1.
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Background measurement system.

Figure D-2.
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Fugitive emissions measurement system.

Figure E-1.
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Concentration of VOC in Fugitive Emission Exhaust Stream

Concentration of VOC in Gas Stream Delivered to the Control Device Cg

Figure F-1. Concentration ratio vs flow ratio.

2.0

1.0 \
0.90
0.80 \\
0.70 !
0.50 \\\ \
0.50 \\ '
0.40 = X < . |
0.30 LA 1\ N
YN
~
0.1 \ \ N T T~ | s0: Cathre
0.09 AN AN . ; : ( — ]
0.08 — \\L R I S
! M——]
3;32 \ T~ | | |
0.05 \ N Il | |
0.04 \ | | | 120% Gaptune
\ - \i ' ! ‘\
0.03 N\ I l ] 0 :
\ | ] | ]
T —y v
0.02 \\d -,-~\: qaptuqe
. —~—
\‘\ L\.\.
983 4
0.01 \]\\Cawure
0.5 1.0 _ 1.5 2.0 2.5 3.0 3.5
Volumetric Flowrate of Fugitive Emissions Exhaust Stroam 0~

9 wame

VOlumetrjc Flowrate of Gas Stream Delivered to the Control Device Qg -

Figure F-1. Concentration ratio vs flow ratio.
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